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ZIRCONIUM, HAFNIUM, TITANIUM
PRECURSORS AND DEPOSITION OF
GROUP 4 CONTAINING FILMS USING THE
SAME

TECHNICAL FIELD

[0001] Disclosed are Group 4 transition metal-containing
film forming compositions comprising Group 4 transition
metal precursors having the formula [,—M-C,R,-[(CER,)
m-(CER,),—O]—, wherein M is Ti, Zr, or Hf bonded in an
1> bonding mode to the cyclopentadienyl group; each E is
independently C, Si, B or P; m and n is independently 0, 1
or 2; m+n>1; each R is independently a hydrogen or a
C,—C, hydrocarbon group; adjacent Rs may be joined to
form a hydrocarbyl ring; each L is independently a -1
anionic ligand selected from the group consisting of NR',,
OR', Cp, amidinate, [-diketonate or keto-iminate, wherein
R'is H or a C,—C, hydrocarbon group; and adjacent R's
may be joined to form a hydrocarbyl ring. Also disclosed are
methods of synthesizing and using the disclosed precursors
to deposit Group 4 transition metal-containing films on one
or more substrates via vapor deposition processes.

BACKGROUND

[0002] With the scaling down of semiconductor devices,
new materials with high dielectric constant are required.
Chemical Vapor Deposition (CVD) and Atomic Layer Depo-
sition (ALD) have become the main deposition techniques
for such thin films since CVD and ALD may provide
different films (metal, oxide, nitride, etc.) having a finely
defined thickness and high step coverage. In CVD and ALD,
the precursor molecule plays a critical role to obtain high
quality films with high conformality and low impurities.
[0003] Among high-k dielectrics, Group 4 based materi-
als, such as Group 4 oxides TiO,, HfO, or ZrO,, are very
promising, whether used as pure or mixed oxides or in
laminates. In addition, Group 4 metal-containing films, such
as TiN, may be used for electrode and/or Cu diffusion barrier
applications. The Group 4 oxides may also be used for their
etch resistance properties in lithography applications, such
as for hard masks or spacer-defined multiple patterning
applications.

[0004] Cyclopentadienyl (Cp) bridged Group 4 metal
compounds have been used as precursors for CVD and/or
ALD of Group 4 metal-containing films. For example, U.S.
Pat. No. 8,946,096 to Ahn et al. discloses group 4 metalor-
ganic compounds utilized in CVD or ALD having the
formula

L,
AN
RE 2" Nps w2,

wherein M is Ti, Zr or Hf, R' is C, to C, alkyl, R* and R?
are independently C, to 0, alkyl.

[0005] U.S. 2015/0255276 to Cho et al. discloses an
organometallic precursor, used as a deposition source in
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CVO and ALD processes, represented by a chemical for-
mula of X, (M)(R1),(R?),, wherein M is Ti, Zr or Hf. X is
a ligand of M and one of 6,6-dimethylfulvenyl, indenyi,
cyclopentadienyi and cyclopentadienyl substituted with an
amino group. R' and R? are ligands of M, and each inde-
pendently an amino group or an ethylenediamino group.
Each n, m and k is a positive integer, and n+m+k=3 or 4.

[0006] KR10-2014-0078534 to Castle et al. discloses
metal precursors and metal-containing thin film prepared
with the metal precursors including Group 4 complexes
having the structure formula:

n®R)

wherein M is selected from the group consisting of Zr, Hf
and Ti, X, and X, are each independently NR R, or OR_, X_.
is (NR ) or O, R, to R, are each independently a hydrogen
atom or a C, to C; alkyl group, R are each independently a
hydrogen atom or a C, to C; alkyl group, and m is an integer
of 0 to 4.

[0007] Kang et al. disclose forming TiO, thin films using
(CpN)Ti(NMe,), and oxygen remote plasma (Kang et al.,
“Growth behavior and structural characteristics of TiO, thin
films using (CpN)Ti(NMe,), and oxygen remote Plasma”,
Phys. Status Solidi A, 2014, 212, No. 3, p 674-679).

[0008] Some Cp bridged Group 4 metal compounds are
synthesized and used for catalysts or other purposes. For
example, J Okuda discloses metalorganic catalysts having
linked amido-cyclopentadienyl ligands such as Ti(R-Cp-
SiMe,-NR-)(NR,), (J Okuda, “Linked Amido-Cyclopenta-
dienyl Complexes of Group 3 and 4 Metals: The First
“Post-Metallocenes” Metalorganic Catalysts for Synthesis
and Polymerization, pp 200-211, 1999). Herrmann et al.
disclose Cp(CH,CH,—O-)Zr(NMe,), prepared as potential
catalysts (Herrmann et al., “Doubly Bridged vac-Metallo-
cenes of Zirconium and Hafnium”, Angewandte. Chem. Int.
Ed. Eng, 1994, 33 (19), p 1946-1949). Kim et al. disclose
synthesis of (Me,Cp-CH,-NtBu)Zr(NEt,), and (1,3—
Me,C,H,CHPh-NtBu-kN)Zr(NMe,), (Kim et al, “sp>—C*-
Bridged 1,3—Me,Cp/Amido Titanium and Zirconium Com-
plexes and Their Reactivities towards FEthylene
Polymerization”, Eur. J. Inorg. Chem. 2004, p 1522-1529).
Jesus Cano and Klaus Kunz disclose syntheses of some P, C,
Si contained Cp-amino bridged compounds (Jesus Cano,
Klaus Kunz, “How to synthesize a constrained geometry
catalyst (CGC)—A survey”, Journal of Organometallic
Chemistry 692, 2007, p 4411-4423). Syntheses of carbon-
bridged cyclopentadienyl amido Group 4 metal complexes
were reported in Piet-Jan Sinnema’s PhD dissertation in
1999 (Piet-Jan Sinnema, “Carbon-Bridged Cyclopentadi-
enyl Amido Group 4 Metal Complexes”, University of
Groningen, 1999).

[0009] Accordingly, those skilled in the art continue to
seek highly thermally stable, Group 4 compounds suitable
for vapor phase thin film deposition with controlled thick-
ness and composition at high temperature.
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SUMMARY

[0010] Group 4 transition metal-containing film forming
compositions are disclosed. The Group 4 transition metal-
containing film forming compositions comprise the Group 4
transition metal precursors having the formula [,—M-
CsR,-[(CER,),, -(CER,),—O]-, referring to the following
structure formula:

%
oy
R " \
CD\R 0
. e
R \
L

wherein M is Ti, Zr, or Hf bonded in an n* bonding mode to
the Cp group; each E is independently C, Si, B or P; m and
n is independently 0, 1 or 2; m+n>1; each R is independently
a hydrogen or a C,—C, hydrocarbon group; adjacent Rs
may be jointed to form a hydrocarbyl ring; and each L is
independently a -1 anionic ligand selected from the group
consisting of NR',, OR', Cp, amidinate, f$-diketonate or
keto-iminate, wgerein R' is a H or a C,—C, hydrocarbon
group and an adjacent R's may be jointed to form a hydro-
carbyl ring.
[0011] The disclosed Group 4 transition metal-containing
film forming compositions may further include one or more
of the following aspects:

[0012] M being Ti;

[0013] M being Zr;

[0014] M being Hf;

[0015] Each E being C, Si, B or P;

[0016] E being C;

[0017] E being Si;

[0018] E being B;

[0019] E being P;

[0020] m being O, 1, or 2;

[0021] n being O, 1, or 2;

[0022] m+n being>1;

[0023] m being O;

[0024] m being 1;

[0025] m being 2;

[0026] n being O;

[0027] n being 1;

[0028] n being 2;

[0029] m being 1 and n being 1;

[0030] m being 2 and n being 1;

[0031] Each R independently being H, Me, Et,"Pr, ‘Pr,

"Bu, *Bu, ‘Bu, or ‘Bu;

[0032] R being H;

[0033] R being Me;

[0034] R being Et;

[0035] R being "Pr;

[0036] R being ‘Pr;

[0037] R being "Bu;

[0038] R being Bu;

[0039] R being “Bu;

[0040] R being Bu;

[0041] L being NH,-;

[0042] L being NMe,;

[0043]
[0044]
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]
[0089]
[0090]
[0091]
[0092]
[0093]
[0094]
[0095]
[0096]
[0097]
[0098]
[0099]
[0100]
[0101]
[0102]
[0103]
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L being NEt,

L being N”Pr,;

L being N'Pr.;

L being N”"Bu,;

L being N'Bus;

L being N°Bu,;

L being N'Bu,;

L being NHMe;

L being NHEt;

L being NH"Pr;

L being NH'Pr;

L being NH"Bu;

L being NH'Bu;

L being NH*Bu;

L being NH'Bu;

L being NMekEt;

L being NMe"Pr;

L being NMe'Pr;

L being NMe"Bu;

L being NMe'Bu;

L being NMe*Bu;

L being NMe"Bu;

L being NEt"Pr;

L being NEt'Pr;

L being NEt"Bu;

L being NEt'Bu;

L being NEt'Bu;

L being NEt'Bu;

L being N”Pr'Pr;

L being N”"Pr"Bu;

L being N"Pr'Bu;

L being N"Pr'Bu;

L being N"Pr'Bu;

L being N'Pr"Bu;

L being N'Pr'Bu;

L being N'Pr’Bu;

L being N'Pr'Bu;

L being N"Bu'Bu;

L being N"Bu’Bu;

L being N'Bu;

L being N'Bu*Bu;

L being N'Bu’Bu;

L being N°Bu‘Bu;

L being OH;

L being CMe;

L being OFEt;

L being O"Pr;

L being O'Pr;

L being O"Bu;

L being O'Bu;

L being O°Bu;

L being O'Bu;

L being Cp;

L being amidinate;

L being B-diketonate;
L being keto-iminate;
the Cp group having a methyl substitution;
the Cp group having an ethyl substitution;
the Cp group having an iso-propyl substitution;
the Cp group having a tert-butyl substitution;
the Group 4 transition metal precursor being

L,-Ti—C,H,—(CH,—CH,—0O)— (wherein each L is
independently a -1 anionic ligand selected from the
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group consisting of NR',, OR', Cp, amidinate, -dike-
tonate or keto-iminate, wherein R'is a Hora C,—C,
hydrocarbon group);

[0104] the Group 4 transition metal precursor being
L,-Ti—CsH;-1-Me-3-[(CH,—CH,—0)—  (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0105] the Group 4 transition metal precursor being
L,-Ti—C,H;-1-"Pr-3-[(CH,—CH,—O)—  (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0106] the Group 4 transition metal precursor being
L,—7r—C,H,—(CH,—CH,—O0O)— (wherein each L.
is independently a -1 anionic ligand selected from the
group consisting of NR',, OR', Cp, amidinate, -dike-
tonate or keto-iminate, wherein R'is a Hora C,—C,
hydrocarbon group);

[0107] the Group 4 transition metal precursor being
L,—7r—C H;-1-Me-3-[(CH,—CH,—O)— (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0108] the Group 4 transition metal precursor being L
»—2Zr—CH,;-1-Pr-3-[(CH,—CH,—O)—  (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0109] the Group 4 transition metal precursor being
L,-Hf—C,H,—(CH,—CH,—O)— (wherein each L. is
independently a -1 anionic ligand selected from the
group consisting of NR',, OR', Cp, amidinate, -dike-
tonate or keto-iminate, wherein R'is a Hora C,—C,
hydrocarbon group);

[0110] the Group 4 transition metal precursor being L
,-Hf—C H;-1-Me-3-[(CH,—CH,—O)—  (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0111] the Group 4 transition metal precursor being
L,-Hf—C,H;-1-"Pr-3-[(CH,—CH,—O)— (wherein
each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[p-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group);

[0112] the Group 4 transition metal-containing film
forming composition comprising between approxi-
mately 0.1 molar % and approximately 50 molar % of
the Group 4 transition metal precursor;

[0113] the Group 4 transition metal-containing film
forming composition having a viscosity between
approximately 1 and approximately 20 cps, preferably
between approximately 1 and approximately 5 cps,
preferably around 3 cps;

[0114] the Group 4 transition metal-containing film
forming composition comprising between approxi-
mately 95% w/w to approximately 100% w/w of the
Group 4 transition metal precursors;
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[0115] the Group 4 transition metal-containing film
forming composition comprising between approxi-
mately 99% w/w to approximately 100% w/w of the
Group 4 transition metal precursor;

[0116] the Group 4 transition metal-containing film
forming composition further comprising a solvent;
[0117] the Group 4 transition metal-containing film
forming composition comprising between approxi-
mately 0% w/w and 5% w/w of a hydrocarbon solvent;

[0118] the solvent being selected from the group con-
sisting of C,—C, ; hydrocarbons, whether saturated or
unsaturated, ketones, ethers, glymes, esters, tetrahydro-
furan (THF), dimethyl oxalate (DMO), and combina-
tions thereof;

[0119] the solvent being a C,—C, hydrocarbon;
[0120] the solvent being tetrahydrofuran (THF);
[0121] the solvent being DMO;

[0122] the solvent being an ether;

[0123] the solvent being a glyme; or

[0124] the difference between the boiling point of the

Group 4 transition metal precursor and the solvent

being less than 100° C.
[0125] Also disclosed are Group 4 transition metal-con-
taining film forming composition delivery devices compris-
ing a canister having an inlet conduit and an outlet conduit
and containing any of the Group 4 transition metal-contain-
ing film forming compositions disclosed above. The dis-
closed delivery devices may include one or more of the
following aspects:

[0126] the Group 4 transition metal-containing film
forming composition having a total concentration of
non Group 4 metal contaminants of less than 10 ppmw;

[0127] an end of the inlet conduit located above a
surface of the Group 4 transition metal-containing film
forming composition and an end of the outlet conduit
located above the surface of the Group 4 transition
metal-containing film forming composition;

[0128] an end of the inlet conduit end located above a
surface of the Group 4 transition metal-containing film
forming composition and an end of the outlet conduit
located below the surface of the Group 4 transition
metal-containing film forming composition; or

[0129] an end of the inlet conduit end located below a
surface of the Group 4 transition metal-containing film
forming composition and an end of the outlet conduit
located above the surface of the Group 4 transition
metal-containing film forming composition.

[0130] Also disclosed are processes for the deposition of
Group 4 transition metal-containing films on one or more
substrates. At least one Group 4 transition metal-containing
film forming compositions disclosed above is introduced
into a reactor having at least one substrate disposed therein.
At least part of the Group 4 transition metal precursor is
deposited onto the substrate(s) to form the Group 4 transi-
tion metal-containing film. The disclosed processes may
further include one or more of the following aspects:

[0131] introducing at least one reactant into the reactor;
[0132] the reactant being plasma-treated;

[0133] the reactant being remote plasma-treated;
[0134] the reactant not being plasma-treated;

[0135] the reactant being selected from the group con-

sisting of H,, NH;, hydrazines (such as N,H,,
MeHNNH,, MeHNNHMe), organic amines (such as
NMeH,, NEtH,, NMe,H, NEt,H, NMe,, NEt;, cyclic
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amines like pyrrolidine or pyrimidine), diamines (such
as ethylene diamine, dimethylethylene diamine, tetram-
ethylethylene diamine), aminoalcohols (such as etha-
nolamine [HO—CH,—CH,—NH,], bis ethanolamine
[HN(C,HsOH),] or tris ethanolamine[N(C,H;OH),]),
pyrazoline, and pyridine;

[0136] the reactant being selected from the group con-
sisting of (SiH;);N, hydridosilanes (such as SiH,,
Si,Hg, Si;Hg, Si,H,,, SisH,,, SigH;,), chlorosilanes
and chloropolysilanes (such as SiHCl;, SiH,Cl,,
SiH,Cl, Si,Clg, Si,HCly, Si,Cly), alkylsilanes (such as
Me,SiH,, Et,SiH,, MeSiH;, EtSiH;), and aminosilanes
(such as tris-dimethylaminosilane, bis-diethylaminosi-
lane, di-isopropylaminosilane and other mono, dis or
tris aminosilanes);

[0137] the reactant being selected from the group con-
sisting of NH;, N(SiH;);, aminosilanes, and mixtures
thereof;

[0138] the reactant being selected from trialkylalumi-
num, dialkylaluminum halide, alkylamino and alkoxy
derivatives of aluminum, and mixtures thereof;

[0139] the reactant being NH;;

[0140] the reactant being selected from the group con-
sisting of: O,, O;, H,0, H,0,, NO, N,O, NO,, an
alcohol, a diol (such as ethylene glycol), oxygen radi-
cals thereof, and mixtures thereof;

[0141] the reactant being H,O;

[0142] the reactant being O,;

[0143] the reactant being plasma treated O,;

[0144] the reactant being Os;

[0145] the Group 4 transition metal-containing film

forming composition and the reactant being introduced
into the reactor simultaneously;

[0146] the reactor being configured for chemical vapor
deposition;
[0147] the reactor being configured for plasma

enhanced chemical vapor deposition;

[0148] the Group 4 transition metal-containing film
forming composition and the reactant being introduced
into the chamber sequentially;

[0149] the reactor being configured for atomic layer
deposition;
[0150] the reactor being configured for plasma

enhanced atomic layer deposition;

[0151] the reactor being configured for spatial atomic
layer deposition;

[0152] the Group 4 transition metal-containing film
being a Group 4 transition metal oxide (M,,0,,, wherein
M is the Group 4 transition metal and each of n and m
is an integer which inclusively range from 1 to 6);

[0153] the Group 4 transition metal-containing film
being TiO,, ZrO, or HfO,;

[0154] the Group 4 transition metal-containing film
being MM',0,, wherein i ranges from 0 to 1; X ranges
from 1 to 6; and M is selected from a Group 3 eclement,
a different Group 4 element (i.e., M=OM), a Group 5
element, a lanthanide, Si, Al, B, P or Ge; or

[0155] the Group 4 transition metal-containing film
being MM',N,O,, wherein i ranges from 0 to 1; x and
y range from 1 to 6; and M is selected from a Group 3
element, a different Group 4 element (i.e., M=M), a
Group 5 element, a lanthanide, Si, Al, B, P or Ge.
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Notation and Nomenclature

[0156] Certain abbreviations, symbols, and terms are used
throughout the following description and claims, and
include:

[0157] As used in the disclosed embodiments, the indefi-
nite article “a” or “an” means one or more.

[0158] As used in the disclosed embodiments, “about” or
“around” or “approximately” in the text or in a claim means
+10% of the value stated.

[0159] As used in the disclosed embodiments, the term
“independently” when used in the context of describing R
groups should be understood to denote that the subject R
group is not only independently selected relative to other R
groups bearing the same or different subscripts or super-
scripts, but is also independently selected relative to any
additional species of that same R group. For example in the
formula MR' (NR,R?)(, ), where x is 2 or 3, the two or
three R' groups may, but need not be identical to each other
orto R, or to R?. Further, it should be understood that unless
specifically stated otherwise, values of R groups are inde-
pendent of each other when used in different formulas.
[0160] As used in the disclosed embodiments, the term
“hydrocarbyl group” refers to a functional group containing
carbon and hydrogen; the term “alkyl group” refers to
saturated functional groups containing exclusively carbon
and hydrogen atoms. The hydrocarbyl group may be satu-
rated or unsaturated. Either term refers to linear, branched,
or cyclic groups. Examples of linear alkyl groups include
without limitation, methyl groups, ethyl groups, propyl
groups, butyl groups, etc. Examples of branched alkyls
groups include without limitation, t-butyl. Examples of
cyclic alkyl groups include without limitation, cyclopropyl
groups, cyclopentyl groups, cyclohexyl groups, etc.

[0161] As used in the disclosed embodiments, the abbre-
viation “Me” refers to a methyl group; the abbreviation “Et”
refers to an ethyl group; the abbreviation “Pr” refers to a
propyl group; the abbreviation “”Pr” refers to a “normal” or
linear propyl group; the abbreviation ‘““Pr” refers to an
isopropyl group; the abbreviation “Bu” refers to a butyl
group; the abbreviation ““Bu” refers to a “normal” or linear
butyl group; the abbreviation ““Bu” refers to a tert-butyl
group, also known as 1,1-dimethylethyl; the abbreviation
““Bu” refers to a sec-butyl group, also known as 1-methyl-
propyl; the abbreviation ‘““Bu” refers to an iso-butyl group,
also known as 2-methylpropyl; the abbreviation “Cp” refers
to cyclopentadienyl; and the abbreviation “Cp*” refers to
pentamethylcyclopentadienyl.

[0162] As used in the disclosed embodiments, the chemi-
cal formula L,—M—C,R,-[(CER,),,-(CER,),—O]— refer
to the compounds having the following structure formula,
respectively:
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wherein M is Ti, Zr, or Hf bonded in an n* bonding mode to
the Cp group; each E is independently C, Si, B or P; m and
n are independently 0, 1 or 2; m+n>1; each R is indepen-
dently a hydrogen or a C,—C, hydrocarbon group or an
adjacent pair of Rs forms a hydrocarbyl ring; and each L is
independently -1 anionic ligand selected from the group
consisting of NR',, OR', Cp, amidinate, [j-diketonate or
keto-iminate, wherein R' is a H or a C,—C, hydrocarbon
group or an adjacent pair of R's forms a hydrocarbyl ring.
Herein 1° is the hapticity of the above precursors represent-
ing five contiguous atoms of the aromatic ring group bonded
to the M atom. For example, the formula, (R,N),-Ti—C H;-
1-’Pr-3-(CH,—CH,—O)—, represents the following struc-
ture:

iPr

R,N—Ti—O

RN

[0163] The standard abbreviations of the elements from
the periodic table of elements are used in the disclosed
embodiments. It should be understood that elements may be
referred to by these abbreviations (e.g., Mn refers to man-
ganese, Si refers to silicon, C refers to carbon, etc.). Addi-
tionally, Group 3 refers to Group 3 of the Periodic Table (i.e.,
Sc, Y, La, or Ac). Similarly, Group 4 refers to Group 4 of the
Periodic Table (i.e., Ti, Zr, or Hf) and Group 5 refers to
Group 5 of the Periodic Table (i.e., V, Nb, or Ta).

[0164] Any and all ranges recited in the disclosed embodi-
ments are inclusive of their endpoints (i.e., x=1 to 4 or x
ranges from 1 to 4 includes x=1, x=4, and x=any number in
between), irrespective of whether the term “inclusively” is
used.

[0165] Please note that the films or layers deposited, such
as silicon oxide or silicon nitride, may be listed throughout
the specification and claims without reference to their proper
stoichiometry (i.e., Si0O,, SiO;, Si;N,). The layers may
include pure (Si) layers, carbide (Si,C,) layers, nitride
(SiyN,) layers, oxide (Si,0,,) layers, or mixtures thereof,
wherein k, 1, m, n, 0, and p inclusively range from 1 to 6. For
instance, silicon oxide is Si,0,,, wherein n ranges from 0.5
to 1.5 and m ranges from 1.5 to 3.5. More preferably, the
silicon oxide layer is SiO, or SiO;. These films may also
contain Hydrogen, typically from 0 at % to 15 at %.
However, since not routinely measured, any film composi-
tions given ignore their H content, unless explicitly stated
otherwise.

BRIEF DESCRIPTION OF THE FIGURES

[0166] For a further understanding of the nature and
objects of the present invention, reference should be made to
the following detailed description, taken in conjunction with
the accompanying figures wherein:

[0167] FIG.1 is a side view of one embodiment of a liquid
Group 4 transition metal-containing film forming composi-
tion delivery device 1;
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[0168] FIG. 2is aside view of a second embodiment of the
Group 4 transition metal-containing film forming composi-
tion delivery device 1; and

[0169] FIG. 3 is an exemplary embodiment of a solid
precursor sublimator 100 for subliming solid Group 4 tran-
sition metal-containing film forming compositions.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0170] Group 4 transition metal-containing film forming
compositions are disclosed. The Group 4 transition metal-
containing film forming compositions further comprise the
Group 4 transition metal precursors having the formula
L,—M—C,R,-[(CER,),,-(CER,),—O]— referring to the
following structure formula:

wherein M is Ti, Zr, or Hf bonded in an n* bonding mode to
the Cp group; each E is independently C, Si, B or P; m and
n is independently 0, 1 or 2; m+n>1; each R is independently
ahydrogen or a C,—C, hydrocarbon group;adjacent Rs may
form a hydrocarbyl ring; and each L is independently a -1
anionic ligand selected from the group consisting of NR',,
OR', Cp, amidinate, [-diketonate or keto-iminate, wherein
R'is a H or a C,—C, hydrocarbon group or an adjacent pair
of R's forms a hydrocarbyl ring.

[0171] Exemplary Group 4 transition metal precursors
wherein E is C; m+n=2; and each R is independently an
hydrogen or a hydrocarbon group having up to 4 carbon
atoms include but are not limited to (H,N),—M—C;H,—
[(CH,),—Ol—,  (Me;N),—M—CsH,-[(CH,),—O0}—,
(CEt,N),—M—C;H,—[(CH,),—O]—, (MeEtN),—M—
CsH,—{(CH,),—Ol—,  ("PrN),—M—CsH,-[(CH,),—
O]—, (lPr2N)2*M*C5H4*[(CH2)240]*5 ("BU,N),—
M—C,H,-[(CH,),—O0]—,  (Bu,N),—M—C;H,-[(CH,)
2*0]*5 (SBUzN)zngcsHi[(CH2)2*O]*5 (tBUzN)
>—M—CsH,-[(CH,),—O}—, (HN)(Cp)-M—C;H,-
[(CHy),—O0l—  (Me;N)(Cp)-M—CsH,-[(CH,),—O]—,
(CELN)(Cp)-M—CHy-[(CH,),—Ol—,  (MeEtN)(Cp)-
M—CsH,-[(CH,),—O]—, ("Pr,N)(Cp)-M—CsH,-[(CH,)
>—Ol— CPr;N)(Cp)-M—C,H,-[(CH,),—O]—, ("Bu,N)
(Cp)-M—C;sHy-[(CH,),—O0]—  (Bu,N)(Cp)-M—C;H,-
[(CH),—O0]—  (Bu,N)(Cp)-M—C,H,-[(CH,),—O]—,
(tBu,N)(Cp)-M—CsH4-[(CH,),—O0]—, (HO)-M—C;H,-
[(CH,);—O]—, (MeO)-M—C;H,-[(CH,),—O]—,
(CEtO)-M—CH,-[(CH,),—O]—, ("PrO)-M—CH,-
[(CH,),—O]—, (PrO)-M—C5H,-[(CH,),—O}—, ("BuO)-
M—CH,-[(CH,),—Ol—  (BuO)-M—C,H,-[(CH,),—
O]—, (‘Bu0)-M—C:H,-[(CH,),—O0]—, (*BuO)-M—
CsHy-[(CH,),—O]—, (H,N),—M-—CH,-[(CMe,),—
O]—, (Me,N),—M—CH,-[(CMe,),—O0]—, (CELN),—
M—CsH,-[(CMe,),—O]—, (MeEtN),—M—CH,-
[(CMe,),—O]—, ("Pr;N),—M—CsH,-[(CMe,),—O]—,
(PrN);—M—CsHy-[(CMe,),—O}—,  ("BU,N),—M—
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CsH,-[(CMe,),—O]—, (‘Bu,N),—M—CsH,-[(CMe,),—
0]—, (BU,N),—M—C,H,-[(CMe,),—O]—, (‘Bu,N),—
M—C;sH,-[(CMe,),—O]—, (HN)(Cp)-M—C;H,-
[(CMe,),—O]—, (Me;N)(Cp)-M—C;sH,-[(CMe,),—
O]—, (CEt,N)(Cp)-M—C,H,-[(CMe,),—O]—, (MeEtN)
(Cp)-M—CsH,-[(CMe,),—O]—, ("Pr,N)(Cp)-M—C;sH,-
[(CMe,),—O]—, (Pr,N)(Cp)-M—C;sH,-[(CMe,),—O]—,
("Bu,N)(Cp)-M—CsH,-[(CMe,),—O]—, (‘Bu,N)(Cp)-
M—C;sH,-[(CMe,),—O]—, (Bu,N)(Cp)-M—C;H,-
[(CMe,),—O]—, (‘Bu,N)(Cp)-M—C;H,-[(CMe,),—
O]—, (HO)-M—C,H,-[(CMe,),—O]—, (MeO)-
M—C,H,-[(CMe,),—O]—, (CEtO)-M—CH,-[(CMe,)
»—0]—, ("PrO)-M—C,H,-[(CMe,),—O]—, (‘PrO)-M—
CsHy-[(CMe,),—O]—, ("BuO)-M—CsH,-[(CMe,),—
O]—, (BuO)-M—CH,-[(CMe,),—O]—, (‘BuO)-M—
CsHy-[(CMe,),—O]—, (*Bu0)-M—C,H,-[(CMe,),—
O]—  (HN);—M—CsH,[(CEL),—O]l—, (Me;N),—
M—C5H4-[(CEt2)2—O]—, (CEtzN)ziM*CSHI[(CEE)
»—O]— (MeEtN),—M—CsH,-[(CBt,),—O0]— ("Pr,N),-
M—C;sH,-[(CEt,),—O]—, (iPer)2—M—C5H4-[(CEt2)
»—0]—, ("Bu,N),—M—C,H,-[(CEt,),—O}—, (Bu,N)
>—M—CH,-[(CEL,),—O0]—, (*Bu,N),—M—CsH,-
[(CEL),—O]—  (BuyN),—M—C;H,-[(CEL,),—O]—,
(HzN)(CP)'M4CSH4'[(CEtz)sz]f(MezN)(Cp)'M*

CsH,-[(CEt,),—O]—, (CELN)(Cp)-M—CsH,-[(CEt,),—
O]— (MeEtN)(Cp)-M—CH,-[(CEt,),—O]—, (“Pr,N)
(Cp)-M—C,H,-[(CEL,),—Ol—,  (Pr,N)(Cp)-M—C;H,-
[(CEt,),—Ol— ("Bu,N)(Cp)-M—C;sH,-[(CEt,),—O0]—,
(‘Bu,N)(Cp)-M—CsH,-[(CEt,),—O}—, ("Bu,N)(Cp)-M—
CsH,-[(CEt,),—Ol—, (Bu,N)(Cp)-M—CH,-[(CEt,),—
O]—, (HO)-M—C,H,-[(CEt,),—O]—, (MeO)-M—C,H,-
[(CEt,),—O]—, (CEtO)-M—C;sH,-[(CEL,),—O]—,
("PrO)-M—CsH,-[(CEty), o, (iPrO)—M—C5H4-
[(CEtz)sz]f, (MBUO)'M4CSH4'[(CEtz)sz]f, (iBuO)-
M—CsH,-[(CEL),—Ol—.  (BuO)-M—CsH,-[(CEL),—
O]— (BuO)-M—CsH,-[(CEt),—O]—, (HN),—M—
CsH,-[(CPry),—O}—, (Me,N),—M—CH,-[(C'Pr,),—
O]—, (CEt,N),—M—CsH,-[(C'Pr,),—O]—, (MeEtN),—
M—C,H,-[(C'Pr,),—Ol—, ("Pr;N),—M—C;H,-[(C'Pr,)
»—O0l—, (P,N),—M—CsH,-[(CPr,),—O]—, ("Bu,N)
2 M—CsH,-[(C'Pr,),—O]—, (Bu,N),—M—C,H,-
[(CiPrz)sz]f, (SBuzN)z—M—C5H4-[(CiPrz)z—O]—,
(‘BuyN),—M—CsH,-[(CPr,),—O]—,  (HN)(Cp)-M—
CsH,-[(C'Pry),—O]—, (Me,N)(Cp)-M—CsH,~[(C'Pr,),—
O]—, (CEt,N)(Cp)-M—CsH,-[(C’Pr,),—O]—, (MeEtN)
(Cp)-M—CH,(CPr,),—Of —  (PENYCp)M—C,H,-
[(C'Pry),—O]—, (Pr;N)(Cp)-M—CsH,-[(C'Pr,),—O]—,
("Bu,N)(Cp)-M—CsH,-[(C'Pr,),—O]—, (Bu,N)(Cp)-
M—C,H,-[(C'Pr,),—O]—, (*Bu,N)(Cp)-M—CsH,-
[(C'Pr,),—O]—, (‘Bu,N)(Cp)- M—CsH,-[(C'Pr,),—O]—,
(HO)-M—C,H,-[(C'Pr,),—O]—, (MeO)-M—C,H,-

[(CiPr 2)r—0]—, (CEtO)-M—C;H,- [(CiPr 2)r—0]—,
("PrO)M—C,H [(C'Pr,),—O}— (PrO)-M—C,H,-
[(CiPr 2)r—0]—, ("BuO)-M—C;H,- [(CiPr 2)r—0]—,

('BuO)-M—C;H,-[(C'Pr,),—O]—, (‘BuO)-M—C,H,-
[(C'Pr,),—O]—, ((BuO)-M—C;H,-[(C’Pr,),—O]—, H,N)
»—M—CH,-[(C'Bu,),—O]—, (Me,N),-M—C,H,-
[(CBu,),—0]—, (CEt,N),-CsH,-[(CBu,),—0]—

(MeEtN),—M—C,H,-[(CH,),—O]—, ("ProN)>—M—
CsH,-[(CBu,),—O0]—, (‘Pr ,N),-CH,-[(CBu,),—O]—,
("Bu,N),—M—CH,-[(C'Bu,),—O0]—  (Bu,N),—M—

CsH,-[(C'Bu,),—O]—, (‘Bu,N),—M—C H,-[(CBu,),
01— (Bu,N),—M—C;H,-[(C'Bu,),—0]—, (H,N)(Cp)-
M—C,H,-[(C'Bu,),—O]—, (Me,N)(Cp)-M—C;H,-
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[(CBu,);—Ol— (CELN)(Cp)-M—CsH,-[(nu,),—O)—,
(MeFtN)(Cp)-M—CyH,[(CBu,),—OF —.  ("Pr.N)Cp)-
M—CsH,-[(C'Bu,),—O]—, (ProN)(Cp)-M—CsH,-
[(C'Bu,),—Ol—, ("BuN)(Cp)-M—CsH,-[(C'Bu,),—
Ol— (Bu,N)(Cp)-M—CsH,-[(CBu,),—Ol— (‘Bu,N)
(Cp)- M—CsH,-[(nu,),—O]—  (‘Bu,N)(Cp)-M—C;sH,-
[(CBu), Ol —  (HO)}M—CsH,{(C'Bu,),—O]—,
(MeO)-M—C;H,-[(CBu,),—0]—, (CEtO)-M—CH,-
[(CBu,),—O]—, ("PrO)-M—C;H,-[(C'Bu,),—O]—,
('PrO)-M—CH,1[(C'Bu,),—O]—, ("BuO)-M—C H,-
[(C'Bu,),—Ol—, (iBuo)'M4CsH4'[(CtBuz)sz]f,
(BuO)-M—C,H,-[(CBu,), o, {Bu0)-M—C;sH,-
[(CBu,),—Ol—, (H,N),—M—CsH,-[(CMeE(),—O]—,
(Me,N),—M—CH,-[(CMeEt),—0O]—, (CEt,N),—M—
CsH,-[(CMeEt),—O]—, (MeEtN),—M—C;H,-[(CMeEt)
»—Ol— ("PryN),—M—CsH,-[(CMeEt),—O0]—, (H,N)
M—CsMe,-[(CH,)>,—O0}—,  (Me;N),—M—CsMe,-
[(CH,),—O]—, (CELN),—M—CMe,—{(CH,),—O]—,
(MeEtN),—M—CsMe,-[(CH,),—O]—, ("Pr,N),M—
CsMe,[(CH,),—Ol—.  (Pr,N),—M—C;Me,-[(CH,),—
O]—, ("Bu,N),—M—CsMe,-[(CH,),—O]—, (Bu,N),—
M—CsMe,-[(CH,),—O]—, (*Bu,N),—M—C;Me,-
[(CHy),—Ol—,  (Bu,N),—M-—CsMe,-[(CH,),—O]—,
HN)(Cp)-M—CsMe,-[(CH,),—O0]—,  (Me,N)(Cp)-M—
CaMe,-[(CHy),—Ol—,  (CBLNY(Cp)-M—CMe,-[(CH,)
Ol (MeBN)(Cp)-M—C;Me,{(CH,), O},
("PrN)(Cp)-M—CsMe, —[(CH,),—O]—,  (PE.N)(Cp)-
M—CsMe,-[(CH,),—O]—, ("Bu,N)(Cp)-M—CsMe,-
[(CH,),—O]—, (‘Buy)(Cp)-M—CsMe,-[(CH,),—O]—,
(Bu,N)(Cp)-M—C,Me,-[(CH,),—Ol]—, (‘Bu,N)(Cp)-
M—CsMe,-[(CH,),—O]—, (HO)-M—CsMe,-[(CH,),—
O]—, (MeO)-M—C,Me,-[(CH,),—O]—, (CEtO)-M—
CsMe,-[(CH,),—O]—, ("PrO)-M—CsMe,-[(CH,),—
O]—, ('PrO)-M—C;Me,-[(CH,),—O]—, ("BuO)-M—
CsMe,-[(CH,),—O]—, (BuO)-M—CsMe,-[(CH,),—
O]—, (‘BuO)-M—CsMe,-[(CH,),—O]— (*BuO)-M—
CsMe,-[(CH,),—O]—, (H,N),—M—C;Me,-[(CMe,),—
O]l — (Me;N),—M—CsMe,-[(CMe,),—O]—, (CEG,N)
»—M—C,Me,-[(CMe,),—O]—, (MeEtN),—M—C,Me,-
[(CMe,),—O]—, ("PrN),—M—CsMe,-[(CMe,),—O]—,
(Pr;N);—M—CsMe,-[(CMe,),—O]—,  ("Bu,N),—M—
CsMe,-[(CMe,),—Ol—, (Bu,N),—M—CsMe,-[(CMe,)
—Ol—, (‘Bu;N),—M—C;Me,-[(CMe,),—O}—, (Bu,N)
+ M—CiMe,{(CMe,),— O, (H,N)Cp)-M—CyMe-
[(CMe,),—O]—, (Me;N)(Cp)-M—CsMe,-[(CMe,),—
O]—, (CEt,N)(Cp)-M—C;Me,-[(CMe,),—O]—, (MeEtN)
(Cp)M—C:Me,[(CMe,),—Ol—  ("P;N)YCp)}M—
CsMe,-[(CMe,),—O]—, (Pr,N)(Cp)-M—CsMe,-[(CMe,)
Ol ("Bu,N)YCp)-M—CsMe,{(CMe,),—O},
(Bu,N)(Cp)-M—CsMe,-[(CMe,),—O]—,  (‘Bu,N)(Cp)-
M—C;Me[(CMe,),— O, (Bu,N)(Cp)-M—CsMe,-
[(CMey),—Of—,  (HO)-M—CsMe,[(CMe,),—O]—,
(MeO)-M—C,Me,-[(CMe,),—0O]—, (CEtO)-M—CMe,-
[(CMe,),—O]—,  ("PrO)-M—CsMe,-[(CMe,),— O],
('PrO)-M—CsMe,-[(CMe,),—O]—, ("BuO)-M—C;Me,-
[(CMe,),—O]—  (BuO)-M—CMe,[(CMe,),— O],
(‘Bu0)-M—CMe,-[(CMe,),—O]—, (*BuO)-M—C;Me,-
[(CMe2)2—O]—, (HzN)zngcsMei[(CEtz)zfo]*s
(Me;N),—M—CsMe,-[(CEL,),—O0]—,  (CEL,N),—M—
CsMe,-[(CEt,),—O]—, (MeEtN),—M—C.Me,-[(CEt,)
»+—O0l—, ("Pr;N),—M—CsMe,-[(CEt,),—O]—, (Pr,N)
—M—CsMe,-[(CEL),—O]—  ("Bu,N),—M—CsMe,-
[(CEt,),—O]—  (‘BuyN),—M—CsMe,-[(CEL,),—O]—,
(‘Bu,N),—M—CsMe,-[(CEL,),—Ol—  (‘Bu,N),—M—
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CsMe,~[(CEt,),—O]—, (H,N)(Cp)-M—CsMe,-[(CEL,),—
Ol—, (Me,N)(Cp)-M—C,Me,-[(CEL,),—O]—, (CEtN)
(Cp)-M—CsMe,-[(CEt,),—O]—, (MeEN)(Cp)-M—
CsMe,~[(CEL),—O0]—,  ("Pr,N)(Cp)-M—CsMe,-[(CEL,)
»>—0]— (Pr,N)(Cp)-M—C5Me,-[(CEL,),—O]—,
("Bu,N)(Cp)-M—CsMe,-[(CEL,),—Ol—  (Bu,N)(Cp)-
M—CsMe,-[(CEt,),—O]—, (*Bu,N)(Cp)-M—CsMe,-
[(CEt);—O]—, (Bu,N)(Cp)-M—C;sMe,-[(CEL,),—O]—,
(HO)-M—C;Me,-[(CEt,),—O]—, (MeO)-M—CsMe,-
[(CEL,),—O]—, (CEt0)-M—C;Me,-[(CEt,),—O]—,
("PrO)-M—CsMe,-[(CEt,),—O]—  (PrO)-M—CsMe,-
[(CEL,),—O0]—, ("BuO)-M—C;Me,-[(CEL,),—O]—,
('Bu0)-M—CMe,-[(CEt,),—O]— (‘BuO)-M—C,Me,-
[(CEL,),—O]—, (BuO)-M—CMe,-[(CEt,),—O0]—,
(HoN),—M—CsMe,-[(C'Pr,),—O]—, (Me,N);—M—
CsMe,-[(C'Pry),—Ol—,  (CEt,N),—M—CsMe,-[(C'Pr,)
»—0]—, (MeEtN),—M—CsMe,-[(C’Pr,),—O]—, ("Pr,N)
»M—C,Me,[(CPr,),—O]—  (Pr,N),—M—C;Me,-
[(C'Pry);—O]—, (“Bu,N),—M—CsMe,-[(C'Pr,),—O]—,
(‘Bu,N),—M—C,Me,-[(C'Pr,),—O]— (‘Bu,N),—M—
CsMe,[(CPry),—Ol—,  (‘Bu,N),—M—CsMe,-[(C'Pr,)
»—O0]—, (H;N)(Cp)-M—CsMe,-[(C'Pr,),—O]—, (Me,N)
(Cp)- M—CMe(C'Pry),—O— (CELN)(Cp)}M—
CsMe,-[(C’Pr,),—O]—, (MeEtN)(Cp)-M—CsMe,-
[(CPr),—OF—,  ("PLN)Cp)-M—CsMe,A(CPr,), -
Ol— (iPr2N)(Cp)-M7C5Me4-[(CiPr2)240]75 ("Bu,N)
(Cp)M—C M [(CPr),—Ol—  (Bu;N)(Cp)-M—
CsMe,-[(C'Pr,),—O]—, (‘Bu,N)(Cp)-M—CsMe,-[(C'Pr,)
»—0]—, (Bu;,N)(Cp)-M—C;sMe,-[(C'Pr,),—O]—, (HO)-
M—CMe,-[(C'Pt,),—O]— (MeO)-M—C,Me,-[(C'Pr,)
»—0]—, (CEtO)-M—CsMe,-[(C’Pr,),—O]—, ("PrO)-
M—CMe,-[(C'Pt,),—O]— (‘PrO)-M—C,Me,-[(C'Pr,)
»—0]—, ("Bu0)-M—C;Me,-[(C’Pr,),—O]—, (‘BuO)-
M—CsMe,-[(C’Pr,),—O]—, (‘BuO)-M—C Me,-[(C’Pr,)
»—0]—, (‘Bu0)-M—CsMe,-[(C'Pr,),—O]—, (H,N),—
M—C;Me,-[(CBu,),—O]—, (Me,N),—M—CsMe,-
[(CB  uy),—O]— (CE;,N),—M—C;Me,-[(C'Bu,),—
O]—, (MeEN),—M—CsMe,-[(C'Bu,),—O]—, ("Pr,N)
»—M—C,Me,[(CBu,),—O]—  (Pr,N),—M—C;Me,-
[(CBu,),—O]—, ("Bu,N),—M—CsMe,-[(C'Bu,),—
Ol—, (Bu,N),—M—CsMe,-[(C'Bu,),—O]—, (‘Bu,N)
> M—CsMe,[(CBu,),—O]—,  (‘Bu,N),—M—C;Me,-
[(CBu,),—O]—, (H,N)(Cp)-M—C;sMe,-[(C'Bu,),—
O]—, (Me,N)(Cp)-M—C;Me,-[(CBu,),—O]—, (CE(,N)
(Cp)M—CMe,[(CBuy),—O}—  (MeEtN)(Cp)}-M—
CsMe,-[(CBu,),—O]—, ("Pr,N)(Cp)-M—CMe,-
[(CBu,),—O]—, (Pr,N)(Cp)-M—CsMe,-[(C'Bu,),—
O]—, ("Bu;N)(Cp)-M—CsMe,-[(C'Bu,),—O]—, (Bu,N)
(Cp)M—CMe,[(CBuy),—O—  (BuN)(Cp)}M—
CsMe,-[(C'Bu,),—O]—, (‘Bu,N)(Cp)-M—CsMe,-
[(C'Bu,),—Ol—, (HO)-M—C;Me,-[(C'Bu,),—O]—,
(MeO)-M—CsMe,-[(C'Bu,),—0]—, (CEtO)-M—C;Me,-
[(CBu,),—Ol—,  ("PrO)—M—C;Me,{(C'Bu,),— O],
('PrO)—M—C;Me,-[(C'Bu,),—O]—, ("BuO)-M—
CsMe,[(CBu,),—O]—, (‘BuO)-M—CsMe,-[(C'Bu,),—
O]—, (‘Bu0)-M—C;Me,-[(C'Bu,),—0]—, (*BuO)-M—
CsMe,-[(CBu,),—0]—, (H,N),—M—CsMe,-[(CMeEt)
—0]— (Me,N),—M—C;Me,-[(CMeED),—O}—,
(CEt,N),—M—CsMe,-[(CMeEt),—O]—,  (MeEtN),—
M—CMe,-[(CMeEt),—O]—, ("Pr,N),—M—C Me,-
[(CMeEt),—O]—, ('Pr,N),—M—C;Me,-[(CMeEt),—
O]—, ("Bu,N),—M—C;Me,-[(CMeEt),-01—; (‘Bu,N),—
M—C;Me,-[(CMeEt),—O]—, (°Bu,N),—M—C;Me,-
[[(CMeEt),—O]—, (‘Bu,N),—M—CsMe,-[(CMeEt),—
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Ol (HN)(Cp)-M—C;Me,{(CMeED),—O]—, (Me,N)
(Cp)-M—C,Me,-[(CMeEt),—O]—, (CEt,N)(Cp)-M—
CsMe,-[(CMeEt),—O]—, (MeEtN)(Cp)-M—CsMe,-
[(CMeEt),—O]—, ("Pr,N)(Cp)-M—CsMe,-[(CMeEt),—
O]—, (‘Pr,N)(Cp)-M—C,Me,-[(CMeEt),—O]—, ("Bu,N)
(Cp)-M—CsMe,[(CMeBt);— O} —,  (BusN)Cp)}M—
CsMe,-[(CMeEt),—O]—, (*Bu,N)(Cp)-M—CsMe,-
[(CMeEt),—O0O]—, (‘Bu,N)(Cp)-M—CsMe,-[(CMeEt),—
O]—, (HO)-M—CsMe,-[(CMeEt),—O]—, (MeO)-M—
CsMe,-[(CMeEt),—0O]—, (CEtO)-M—C.Me,-[(CMeEt)
»—0]—, ("PrO)-M—CsMe,-[(CMeEt),—O]—, (‘PrO)-
M—CsMe,-[(CMeEt),—O]—, ("BuO)-M—C;Me,-
[(CMeEt),—O]—, (‘BuO)-M—C;Me,-[(CMeEt),—O]—,
(‘BuO)-M—CMe,-[(CMeEt),—O]—, (*BuO)-M—
CsMe,-[(CMeBEt),—O]—, (‘Pr,N),—M—C,H,-[(CMeFEt)
—Ol—, ("Bu,N),—M—C,H,-[(CMeEt),—O]—, (Bu,N)
»—M—C H,-[(CMeEt),—O]—,  (*Bu,N),—M—CsH,-
[(CMeEt),—O]—, (‘Bu,N),—M—C,H,-[(CMeEt),—
O] (HN)(Cp)-M—CyH[(CMeEt), O, (Me,N)
(Cp)M—C,H,-[(CMeEt),— O} —,  (CE,N)(Cp)}-M—
CsH,-[(CMeEt),—O]—, (MeEtN)(Cp)-M—CH,-
[(CMeEt),—O]—,  ("Pr,N)(Cp)-M—CsH,-[(CMeEt),—
O, (PEN)YCp)-M—C H[(CMeEt),—O}—, ("Bu,N)
(Cp)M—CSH,-[(CMeEt),—O}—,  (Bu;N)(Cp)}M—
C,H,-[(CMeEt),—O]—, (*Bu,N)(Cp)-M—CH,-[(CMeEt)
O}, (‘Bu,N)(Cp)-M—C.H,-[(CMeE) O], (HO)-
M—C,H,-[(CMeEt),—O]—, (MeO)-M—CH,-[(CMeEt)
—O0]—, (CEtO)-M—CH,-[(CMeEt),—O]—, ("PrO)-
M—C,H,-[(CMeEt),—O]—, (‘PrO)-M—C H,-[(CMeEt)
»—0]—, ("BuO)-M—C,H,-[(CMeEt),—O]—, (‘BuO)-
M—C;H,-[(CMeE1l),—O0]—, (‘BuO)-M—C,H,-[(CMeEt)
O, (BuO)M—C,H,-{(CMeEt), O] —, (H,N),—
M—C_H;-1-Me-3-[(CH,),—O]—, (Me,N),—M—CH,-
1-Me-3-[(CH,),—O]—, (CEt,N),—M—CH,;-1-Me-3-
[(CH,),—O]—, (MeEtN),—M—C,H;-1-Me-3-[(CH,),—
O]—, ("PrN),—M—C,H;-1-Me-3-[(CH,),—O]—,
(Pr,N),—M—C,H;-1-Me-3-[(CH,),—O]— ("Bu,N),—
M—C,H;-1-Me-3-[(CH,),—O]—, (Bu,N),—M—C,H,-
1-Me-3-[(CH,),—O]—, (°Bu,N),—M—C,H,-1-Me-3-
[(CHy),—Ol—, (‘Bu,N),—M—C,H;-1-Me-3-[(CH,),—
O (HN)(Cp)-M—C,H,-1-Me3-{(CH,), O},
(Me,N)(Cp)-M—C_H;-1-Me-3-[(CH,),—0O]—, (CEt,N)
(Cp)-M—C,H;-1-Me-3-[(CH,),—O]—, (MeEtN)(Cp)-
M—C,H;-1-Me-3-[(CH,),—O]—, ("Pr,N)(Cp)-M—C_H,-
1-Me-3-[(CH,),—O]—, ('Pr,N)(Cp)-M—C,H;-1-Me-3
[(CH,),—Ol—,  ("Bu,N)(Cp)-M—C,H,-1-Me-3-[(CH,)
Ol (Bu,N)Cp)-M—C_H,-1-Me-3-[(CH,), O,
(Bu,N)(Cp)-M—C,H;-1-Me-3-[(CH,),—O0]—  (Bu,N)
(Cp)-M—C,H;-1-Me-3-[(CH,),—O]—, (HO)-M—C_H;-
1-Me-3-[(CH,),—O]—, (MeO)-M—C,H;-1-Me-3-[(CH,)
»—O]—, (CEtO)-M—CH,-1-Me-3-[(CH,),—O]—,
("PrO)-M—C_H;-1-Me-3-[(CH,),—O]—, ('PrO)-M—
C,H;-1-Me-3-[(CH,),—O]—, ("BuO)-M—C, H,-1-Me-3-
[(CH,),—O]—, (BuO)-M—C,H,-1-Me-3-[(CH,),—O] —,
(‘Bu0)-M—C,H;-1-Me-3-[(CH,),—O}—,  ("BuO)-M—
C,H;-1-Me-3-[(CH,),—O]—, (H,N),—M—C_ H;-1-Me-
3-[(CMe,),—O]—, (Me,N),—M—C_ H;-1-Me-3-[(CMe,)
—O]—, (CEt,N),—M—C,H,-1-Me-3-[(CMe,),—O]—,
(MeEtN),—M—C,H;-1-Me-3-[(CMe,),—O]—, ("Pr,N)
»—M—C, H,-1-Me-3-[(CMe,),—O]—,  (Pr,N),—M—
C,H;-1-Me-3-[(CMe,),—O]—, ("Bu,N),—M—C,H;-1-
Me-3-[(CMe,),—O]—, (Bu,N),—M—C,H;-1-Me-3-
[(CMe,),—O]—, (‘Bu,N),—M—C,H;-1-Me-3-[(CMe,)
+ O (BuN),—M—C,H,-1-Me3(CMe,),—O},
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(H,N)(Cp)-M—C,H;-1-Me-3-[(CMe,),—O]—, (Me,N)
(Cp)-M—C, H;-1-Me-3-[(CMe,),—O]—, (CEt,N)(Cp)-
M—C_H;-1-Me-3-[(CMe,),—O]—, (MeEtN)(Cp)-M—
C,H;-1-Me-3-[(CMe,),—O]—, ("Pr,N)(Cp)-M—C,H;-1-
Me-3-[(CMe,),—O]—, (‘Pr,N)(Cp)-M—C,H,-1—Me-3-
[(CMe,),—O]—, ("Bu,N)(Cp)-M—C,H;-1-Me-3-[(CMe,)
»—O0]—, ('Bu,N)(Cp)-M—C,H;-1-Me-3-[(CMe,),—
O]—,  (Bu,N)(Cp)-M—C,H;-1-Me-3-[(CMe,),—O]—,
(‘Bu,N)(Cp)-M—C, H;-1-Me-3-[(CMe,),—O]—, (HO)-
M—C,H;-1-Me-3-[(CMe,),—O]—, (MeO)-M—C,H;-1—
Me-3-[(CMe,),—O]—, (CEtO)-M—C_H;-1-Me-3-
[(CMe,),—O]—, ("PrO)-M—C,H;-1-Me-3-[(CMe,),—
O]—, ('PrO)-M—C,H,-1-Me-3-[(CMe,),—O]—, ("Bu0)-
M—C,H;-1-Me-3-[(CMe,),—O]—, (‘BuO)-M—C,H,-1-
Me-3-[(CMe,),—O]—, (‘BuO)-M—C, H;-1-Me-3-[(CMe,)
»—O0]—, (*BuO)-M—C, H;-1-Me-3-[(CMe,),—O]—,
(HoN)>—M—C, H;-1-Me-3-[(CEt,),—O]—,  (Me,N),—
M—C, H,;-1-Me-3-[(CEt,),—O]—, (CEt,N),—M—C,H,-
1-Me-3-[(CEl,),—O]—, (MeEtN),—M—C,H;-1-Me-3-
[(CEL),—O]— ("Pr,N),—M—C,H,-1-Me-3-[(CEL,),—
O]—, ('Pr,N),—M—C,H,-1-Me-3-[(CE1,),—O]—,
("Bu,N),—M—C,H;- 1-Me-3-[[(CEt,),—O]—, (‘Bu,N)
»—M—C,H;-1-Me-3-[(CEt,),—O]—,  (‘Bu,N),—M—
C,H;-1—Me-3-[(CEt,),—O0]—, (‘Bu,N),—M—C,H;-1-
Me-3-[(CEt,),—O]—, (H,N)(Cp)-M—C,H;-1-Me-3-
[(CB),—O]—  (Me;N)(Cp)-M—C,H,-1-Me3-[(CEL,)
O, (CELN)(Cp)-M-—C,H,-1-Me-3{(CEL,), Ol —,
(MeEtN)(Cp)-M—C_H;-1-Me-3-[(CEt,),—O]—, ("Pr,N)
(Cp)M—C,H, -1 Me3-[(CEt,),—O}—,  (P;N)(Cp)}-M—
C,H;-1-Me-3-[(CEt,),—O]—, ("Bu,N)(Cp)-M—C,H;-1-
Me3-[(CEt,),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-Me-3-
[(CEt,)—Ol—,  Bu,N)(Cp)-M—C,H,-1-Me-3-{(CEL,)
Ol —, (Bu,N)(Cp)-M-—C,H,-1-Me-3-[(CEt,), O,
(HO)-M—C_H;-1-Me-3-[(CEt,),—O]—, (MeO)-M—
C,H;-1-Me-3-[(CEt,),—O]—, (CEtO)-M—C,H;-1-Me-3-
[(CEt,),—O]—, ("PrO)-M—C, H;-1-Me-3-[(CEt,),—
O]—, ('PrO)-M—C,H,-1-Me-3-[(CEt,),—O]—, ("BuO)-
M—C,H;-1-Me-3-[(CEt,),—O]—, (‘BuO)-M—C,H,-1-
Me-3-[(CEt,),—O]—, (‘Bu0)-M—C,H,-1-Me-3-[(CEt,)
»—O0]—, (*Bu0O)-M—C_H,;-1-Me-3-[(CEt,),—O]—,
(H,N),—M—C,H;-1-Me-3-[(CIPr,),—O]—, (Me,N),—
M—C,H;-1-Me-3-[(C'Pr,),—O]—, (CEt,N),—M—C,H;-
1-Me-3-[(C'Pr,),—O]—, (MeEtN),—M—C,H,-1-Me-3-
[(C'Pr,),—O]— ("Pr,N),—M—C,H,-1-Me-3-{(C'Pr,),—
O]—, ('Pr,N),—M—C,H,-1-Me-3-[(C'Pr,),—O]—,
("Bu,N),—M—C,H,-1-Me-3-[(C'Pr,),—O]—,  (‘Bu,N)
»—M—C,H;-1-Me-3-[(C'Pr,),—O]—,  (*Bu,N),—M—
C,H;-1-Me-3-[(CIPr,),—O]—, (‘Bu,N),—M—C,H;-1-
Me-3-[(CIPr,),—O]—, (H,N)(Cp)-M—C,H;-1-Me-3-
[(CIPr,),—O]—, (Me,N)(Cp)-M—C,H;-1-Me-3-[(C’Pr,)
2Ol (CELN)(Cp)-M-—CH,-1-Me-3-[(C'Pr,),—Ol—,
(MeEtN)(Cp)-M—C_H;-1-Me-3-[(C'Pr,),—O]—, ("Pr,N)
(Cp)-M-—C,H, -1 -Me-3-[(C'Pr,),— O], (P,N)(Cp)}-M—
C,H;-1-Me-3-[(C'Pr,),—O}—, ("Bu,N)(Cp)-M—C,H,-1-
Me-3-[(CIPr,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Me-3-
[(CPry),— Ol (Bu,N)Y(Cp)-M—CsH,-1-Me-3-[(C'Pr)
Ol —, (BuN)(Cp)-M—C,H,-1-Me-3.[(C'Pr,),— O,
(HO)-M—C,H;-1-Me-3-[(C'Pr,),—O]—, (MeO)-M—
C,H;-1-Me-3-[(C'Pr,),—O}—, (CEt0)-M—C,H;-1—Me-
3-[(C'Pry),—O0]—, ("PrO)-M—C,H,-1-Me-3-[(C'Pr,),—
O]—, (‘PrO)-M—C,H;-1-Me-3-[(CIPr,),—O]—, (“Bu0O)-
M—C,H;-1-Me-3-[(C’Pr,),—O]—, (‘BuO)-M—C,H,-1-
Me-3-[(C'Pr,),—O]—, (‘BuO)-M—C,H;-1-Me-3-[(C'Pr,)
»—O0]—, (*Bu0)-M—C H;-1-Me-3-[(C'Pr,),—O]—,
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(HoN),—M—C,H;-1-Me-3-[(C'Bu,),—O]—, (Me,N),—
M—C,H;-1-Me-3-[(C'Bu,),—0]—, (CEt,N),—M—
C,H;-1-Me-3-[(C'Bu,),—O}—, (MeEN),—M—C,H;-1-
Me-3-[(C'Bu,),—0]—, ("Pr,N),—M—C_H;-1-Me-3-
[(CBu,),—O]—  (Pr,N),—M—C,H,-1-Me-3-[(CBu,)
+Ol—, ("BusN),—M—C,H,-1-Me-3-[(C'Bu,),—O}—,
(‘Bu,N),—M—C,H;-1-Me-3-[(C'Bu,),—O]—, (Bu,N)
>—M—C H;-1-Me-3-[(C'Bu,),—0]—, (‘Bu,N),—M—
C,H;-1-Me-3-[(C'Bu,),—O}—, (HN)(Cp)-M—C,H;-1-
Me-3-[(C'Bu,),—0]—, (Me,N)(Cp)-M—C,H,-1-Me-3-
[(CBu,)»—O]—, (CEt,N)(Cp)-M—C,H;-1-Me-3-[(C'Bu,)
—O]—, (MeEtN)(Cp)-M—C,H;-1-Me-3-[(C'Bu, ),—
Ol (PrN)(Cp)M—C,H,-1-Me-3-[(C'Bu,), O,
('Pr,N)(Cp)-M—C,H;-1-Me-3-[(C'Bu,),—O]—, ("Bu,N)
(Cp)-M—C,H,-1-Me-3[(CBu,),— O] —  (Bu,N)YCp)-
M—C_ H;-1-Me-3-[(C'Bu,),—0]—, (*Bu,N)(Cp)-M—
C,H;-1-Me-3-[(C'Bu,),—O]—, ("Bu,N)(Cp)-M-C,H;-
1-Me-3-[(C'Bu,),—O]—, (HO)-M—C_H,;-1-Me-3-
[(C'Bu,),—O]— (MeO)-M—C,H;-1-Me-3-[(C'Bu,),—
O]—, (CEtO)-M—C,H,-1-Me-3-[(C'Bu,),—O]—, ("PrO)-
M—C,H;-1-Me-3-[(C'Bu,),—O]—, (‘PrO)-M—C,H,-1-
Me-3-[(C'Bu,),—0]—, ("BuO)-M—C_H;-1-Me-3-
[(CBu,),—O]— (‘BuO)-M—C,H;-1-Me-3-[(C'Bu,),—
O]—, (‘BuO)-M—C,H;-1-Me-3-[(C'Bu,),—O]—, (*BuO)-
M—C,H;-1-Me-3-[(C'Bu,),—0]—, (H,N),—M—C,H,-
1-Me-3-[(CMeEt),—O]—, (Me,N),—M—C,H;-1-Me-3-
[(CMeEt),—O]—, (CEt,N),—M—C, H,-1-Me-3-
[(CMeEt),—O]—, (MeEtN),—M—C_ H,-1-Me-3-
[(CMeEt),—O]—, ("Pr,N),—M—C, H,-1-Me-3-[(CMeEt)
»—O0]—, (Pr,N),—M—C,H,-1-Me-3-[(CMeEt),—O]—,
("Bu,N),—M—C,H;-1-Me-3-[(CMeEt),—O]—, (Bu,N)
—M—C, H;-1-Me-3-[(CMeEt),—O]—, (‘Bu,N),—M—
C,H;-1-Me-3-[(CMeEt),—O]—, (‘Bu,N),—M—C,H;-1-
Me-3-[(CMeEt),—O]—, (H,N)(Cp)-M—C,H;-1-Me-3-

[(CMeEt),—O]—, (Me,N)(Cp)-M—C,H,-1-Me-3-
[(CMeEt),—O]—, (CE,N)(Cp)-M—C,H,-1-Me-3-
[(CMeEt),—O]—, (MeEtN)(Cp)-M—C,H,-1-Me-3-

[(CMeEt),—O]—, ("Pr,N)(Cp)-M-C,H,-1-Me-3-[(CMeEt)
»—O]—, ("Pr,N)(Cp)-M—C,H,-1-Me-3-[(CMeEt),—
O]—, ("Bu,N)(Cp)-M—C_ H;-1-Me-3-[(CMeEt),—O]—,
(‘Bu,N)(Cp)-M—C,H,-1-Me-3-[(CMeEt),—O]—,

(°Bu,N)(Cp)-M—C_H;-1-Me-3-[(CMeEt),—O]—,

(‘Bu,N)(Cp)-M—C,H;-1-Me-3-[(CMeEt),—O0]—, (HO)-
M—C, H;-1-Me-3-[(CMeEt),—O]—, (MeO)-M—C,H;-1-
Me-3-[(CMeEt),—O]—, (CEtO)-M—C _H;-1-Me-3-
[(CMeEt),—O]—, ("PrO)-M—C_H;-1-Me-3-[(CMeEt),—
O]—, ('PrO)-M—C,H;-1-Me-3-[(CMeEt),—O]—,
("Bu0)-M—C,H;-1-Me-3-[(CMeEt),—O]—, (‘BuO)-M—
C,H;-1-Me-3-[(CMeEt),—O]—, (‘BuO)-M—C,H;-1-Me-
3-[(CMeEt),—O]—, (‘BuO)-M—C,H;-1-Me-3-[(CMeEt)
»—O]—, (H,N),—M—C,H;-1-Et-3-[(CHO,—O]—,
(Me,N),—M—C_H;-1-Et-3-[(CH,),—O]—, (CEt,N),—
M—C, H,;-1-Et-3-[(CH,),—O]—, (MeEtN),—M—C,H,-
1-Et-3-[(CH,),—O]—, ("Pr,N),—M—C_H;-1-Et-3-
[(CH),—O—,  (Pr,N),—M—CH,-1-Bt3-{(CH,),
Ol  (BuN),M—C,H,1-EC3-{(CH,), O,
(Bu,N),—M—C,H;-1-Et-3-[(CH,),—O]—, (‘Bu,N),—
M—C, H,-1-Et-3-[(CH,),—O]—, ('Bu,N),—M—C,H;-1-
Bt3-[(CH,), O (H,N)(Cp)-M—C,H,-1-Bt3-(CH,)
O, (Me;N)(Cp)}-M-—CH,-1-Et3-{(CH,), O,
(CEt,N)(Cp)-M—C,H;-1-Et-3-[(CH,),—O]—, (MeEtN)
(Cp)M—C,H,-1-Et-3(CH,),— O] ("Pr;N)Y(Cp)}-M—
C,H;-1-Et-3-[(CH,),—O]—, (Pr,N)(Cp)-M—C_H;-1-Et-
3-(CH,);—Ol—,  ("BuN)(Cp)-M—C,H,-1-B3-[(CH,)
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01— (“*u;N)(Cp)-M—C,H,-1-Et3-{(CH,), O],
(BUN)(Cp)-M—C,H, 1-Bt3-(CH,),— Ol —,  (Bu,N)
(Cp)-M—C,H;-1-Et-3-[(CH,),—O]—, (HO)-M—C_H,-1-
Et-3-[(CH,),—O]—, (MeO)-M—C,H;-1-Et-3-[(CH,),—
O]—, (CEt0)-M—C, H;-1-Et-3-[(CH,),—O]—, ("PrO)-
M—C,H;-1-Et-3-[(CH,),—O]—, (‘PrO)-M—C,H,-1-Et-
3-[(CH,),—O]—, (BuO)-M—C_H,-1-Et-3-[(CH,),—
O]—, (‘BuO)-M—C,H;-1-Et-3-[(CH,),—O]—, (‘BuO)-
M—C_H;-1-Et-3-[(CH,),—O]—, (*BuO)-M—C_H;-1-Et-
3-[(CH,),—Ol—, (H,N),—M—CH;-1-Et-3-[(CMe,),—
O]—, (Me,N),—M—C_H;-1-Et-3-[(CMe,),—O]—,
(CEt,N),-M—C,H;-1-Et-3-[(CMe,),—O]—, (MeEtN),—
M—C, H,;-1-Et-3-[(CMe,),—O]—, ("Pr,N),—M—C,H,-
1-Et-3-[(CMe,),—O]—, ('Pr,N),—M—C,H,-1-Et-3-
[(CMe,),—O]—, ("Bu,N),—M—C_H;-1-Et-3-[(CMe,)
+ O~ (Bu,N),—M—C,H,-1-Bt3(CMe,),— O},
(*Bu,N),—M—C,H;-1-Et-3-[(CMe,),—O]—, (‘Bu,N),—
M—C, H,;-1-Et-3-[(CMe,),—O]—, (H,N)(Cp)-M—C,H,-
1-Et-3-[(CMe,),—O]—, (Me,N)(Cp)-M—CH,-1-Et-3-
[(CMe,),—O]—, (CEt,N)(Cp)-M—C_H,;-1-Et-3-[(CMe,)
»—O0]—, (MeEtN)(Cp)-M—C,H;-1-Et-3-[(CMe,),—
Ol — ("Pr,N)YCp)-M—C,H,-1-Bi-  3(CMe,), O},
('Pr,N)(Cp)-M—C,H;-1-Bt-3-[(CMe,),—O0]—, ("Bu,N)
(Cp)-M—C,H, -1 -Et-3-[(CMe,),—O]—, (BusN)(Cp)}-M—
C,H;-1-Et-3-[(CMe,),—O]—, (*Bu,N)(Cp)-M—C,H;-1-
Et-3-[(CMe,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Et-3-
[(CMe,),—O]—, (HO)-M—C,H;-1-Et-3-[(CMe,),—
O]—, (MeO)-M—C,H;-1-Et-3-[(CMe,),—O]—, (CEtO)-
M—C_H;-1-Et-3-[(CMe,),—O]—, ("PrO)-M—C_H;-1-Et-
3-[(CMe,),—O0]—, (PrO)-M—C, H,-1-Et-3-[(CMe,),—
O]—, ("BuO)-M—C_H;-1-Et-3-[(CMe,),—O]—, (BuO)-
M—C,H;-1-Et-3-[(CMe,),—O]—, (‘BuO)-M—C,H,-1-
Et-3-[(CMe,),—O]—, ((BuO)—M—C,H;-1-Et-3-[(CMe,)
Ol (HN),—M—C,H,1-Et3-[(CEL,), O},
(Me,N),—M—C_H,-1-Et-3-[(CEt,),—O]—, (CEt,N),—
M—C_H;-1-Et-3-[(CEt,),—O]—, (MeEtN),—M—C,H,-
1-Et-3-[(CEt,),—O]—, ("Pr,N),—M—C,H,-1-Et-3-
[(CBL),—Ol—,  (Pr;N),—M—CLH,-1-Bt3{(CEL,),
O]—, ("Bu,N),—M—C,H,;-1-Et-3-(CEt,),—O]—,
('Bu,N),—M—C,H;-1-Bt-3-[(CEt,),—O]—, (*Bu,N),—
M—C,H;-1-Et-3-[(CEt,),—O0]—, (‘Bu,N),—M—C,H;-1-
Et-3-[(CEt,),—O]—, (H,N)(Cp)-M—C_H,;-1-Et-3-[(CEt,)
Ol (Me;N)(Cp)-M—C,H,-1-Et3-{(CEt,), O},
(CEt,N)(Cp)-M—C,H;-1-Et-3-[(CEt,),—O]—, (MeEtN)
(Cp)M—C,H,-1-Et-3(CEL,),— O], ("PuN)(Cp)}-M—
C,H;-1-Et-3-[(CEt,),—O]—, (Pr,N)(Cp)-M—C,H;-1-Et-
3-[(CEt,),—O]—, ("Bu,N)(Cp)-M—C_H;-1-Et-3-[(CEt,)
O], (Bu;N)(Cp)}-M—C,H,-1-Et3-[(CEL,), O],
(*Bu,N)(Cp)-M—C,H;-1-Et-3-[(CEt,),—O]—,  (‘Bu,N)
(Cp)-M—CH;-1-Et-3-[(CEt,),—O]—, (HO)-M—C_H,-1-
Et-3-[(CEt,),—O]—, (MeO)-M—C,H;-1-Et-3-[(CEt,),—
O]—, (CEtO)-M—C,H;-1-Et-3-[(CEt,),—O]—, ("PrO)-
M—C,H,-1-Et-3-[(CEt,),—O0]—, (‘PrO)-M—C,H,-1-Et-
3l(cpmaor, (P} M—C,H,-1-Bi-3-[(CEL,),— O],
(‘BuO)-M—C,H;-1-Et-3-[(CEt,) ,—]—, (‘BuO)-M—C,H;-
1-Et-3-[(CEt,),—O]—, (‘BuO)-M—C_H,;-1-Et-3-[(CEt,)
Ol (H,N);M—C,H,-1-Et-3-[(C'Pr,), O],
(Me,N),—M—C, H;-1-Et-3-[(C'Pr,),—O}—, (CEt,N),—
M—C,H;-1-Et-3-[(C'Pr,),—O]—, (MeEtN),—M—C,H,-
1-Et-3-[(C'Pr,),—O]—, ("Pr,N),—M—C,H,-1-Et-3-
[(CPry);—O]—, (PrN);—M—CH;-1-Et-3-[(C'Pr,),—
O]—, ("Bu,N),—M—C,H,-1-Et-3-[(C'Pr,),—O]—,
(Bu,N),—M—C,H;-1-Et-3-[(C'Pr,),—O]—, (sBu,N),—
M—C,H;-1-Et-3-[(C'Pr,),—O]—, (Bu,N),—M—C,H,-
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1-Bt-3-[(C’Pr,),—O]—, (H,N)(Cp)-M—C_H;-1-Et-3-
[(CPr),—Ol—,  (Me;N)(Cp)-M—C,H,-1-Et-3-[(C'Pr)
»—O0]—, (CEtN)(Cp)-M—C,H,-1-Et-3-[(C’Pr,),—O]—,
(MeEtN)(Cp)-M—C,H;-1-Et-3-[(C'Pr,),—O]—, ("Pr,N)
(Cp)-M—C,H;-1-Et-3-[(C'Pr,),—O]— (‘Pr,N)(Cp)-M—
C,H;-1-Et-3-[(C'Pr,),—O]—, ("Bu,N)(Cp)-M—C,H,-1-
Et-3-[(C’Pr,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Et-3-
[(C'Pr),—O]—  (BusN)(Cp)-M—C,H,-1-Et-3-[(C'Pry)
>0l (Bu,N)(Cp)-M—C,H;-1-Et-3-[(C'Pr,),—O]—,
(Cp)-M—C,H,-1-Et-3-[(C'Pr,) ,—O]—, MeO)-M—C,H,-
1-Et-3-[(C'Pr,),—O]—, (CEtO)-M—C, H;-1-Et-3-[(C'Pr,)
—O]—, ("PrO)-M—C,H,-1-Ft-3-[(C'Pr,),—O]—,
('PrO)-M—C,H,-1-Et-3-[(C'Pr,),—O]—, ("BuO)-M—
C,H;-1-Et-3-[(C'Pr,),—O]—, (BuO)-M—C,H,-1-Et-3-
[(C'Pr,),—O]—, (‘BuO)-M—C,H;-1-Et-3-[(C’Pr,),—
O]—, (*Bu0)-M—C,H;-1-Et-3-[(C'Pr,),—O]—, (H,N),—
M—C,H;-1-Et-3-[(C'Bu,),—O0]—, (Me,N),—M—C,H;-
1-Et-3-[(C'Bu,),—O]—, (CEt,N),—M—C, H,-1-Et-3-
[(C'Bu,),—O]—, (MeEtN),—M—C,H;-1-Et-3-[(CBu,)
>—Ol—  ("Pr,N),—M—C H;-1-Et-3-[(C'Bu,),—O}—,
('Pr,N),—M—C,H;-1-Ft-3-[(C'Bu,),—O]—, ("Bu,N),—
M—C,H;-1-Et-3-[(CBu,),—O]—, (Bu,N),—M—C,H,-
1-Et-3-[(C'Bu,),—O]—, (°*Bu,N),—M—C,H;-1-Et-3-
[(CBu,);—O]— (‘Bu,N),—M—C H;-1-Et-3-[(C'Bu,),—
Ol (HN)Cp)-M—C,H,-1-Bt3-[(CBuy), Ol
(Me,N)(Cp)-M—C,H;-1-Et-3-[(C'Bu,),—O0]—, (CEt,N)
(Cp)-M—C,H,-1-Et-3- [(C'Bu,),—O]—, (MeEtN)(Cp)-
M—C,H;-1-Et-3-[(C'Bu,),—O0]—, ("Pr,N)(Cp)-M—
C,H;-1-Et-3-[(C'Bu,),—O]—,  (Pr,N)(Cp)-M—C,H,-1-
Et-3-[(C'Bu,),—O]—, ("Bu,N)(Cp)-M—C,H,-1-Et-3-
[(C'Buy),—Ol—, (Bu,N)(Cp)-M—C,H;-1-Et-3-[(C'Bu,)
O, (Bu,N)(Cp)-M—C,H,-1-Bt3-{(CBu,),— O],
("Bu,N)(Cp)-M—C,H;-1-Et-3-[(C'Bu,),—O]—, (HO)-
M—C,H;-1-Et-3-[(C'Bu,),—O0}—,  (MeO)-M—C,H;-1-
Bt-3-[(C'Bu,),—O]—, (CEtO0)-M—CH,-1-Et-3-[(C'Bu,)
—O]—, ("PrO)-M—C,H;-1-Et-3-[(C'Bu,),—O]—,
('PrO)-M—C,H,-1-Et-3-[(C'Bu,),—O0]—,  ("BuO)-M—
C,H;-1-Et-3-[(C'Bu,),—O]—, (‘BuO)-M—C,H,-1-Et-3-
[(CBu,),—O]—, (‘Bu0)- M—C,H;-1-Et-3-[(C'Bu,),—
O]—, (*BuO)-M—C,H;-1-Et-3-[(C'Bu,),—O0]—, (I,N)
»—M—C,H;-1-Et-3-[(CMeEt),—O]—, (Me,N),—M—
C,H;-1-Et-3-[(CMeEt),—O]—, (CEt,N),—M—C,H,-
1-Et-3-[(CMeEt),—O]—, (MeEN),—M—C,H,-1-Et-3-
[(CMeEt),—O]—, ("Pr,N),—M—C,H;-1-Et-3-[(CMeEt)
»—O0}—, (Pr,N),—M—C,H;-1-Ft-3-[(CMeFEt),—O]—,
("Bu,N),—M—C, H,-1-Et-3-[(CMeEt),—O]—, ('Bu,N)
»—M—C,H;-1-Et-3-[(CMeEt),—O]—, (Bu,N),—M—
C,H;-1- Et-3-[(CMeEt),—O]—, (‘Bu,N),—M—C,H;-1-
Et-3-[(CMeEt),—O]—, (H,N)(Cp)-M—C_H;-1-Et-3-
[(CMeEt),—O]—, (Me,N)(Cp)-M—C_H,;-1-Et-3-
[(CMeEt),—O]—, (CEt,N)(Cp)-M—C,H,-1-Et-3-
[(CMeEL),—O  ]—,  (MeEtN)(Cp)-M—C_H;-1-Et-3-
[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H,-1-Et-3-
[(CMeEt),—O]—, (Pr,N)(Cp)-M—C,H;-1-Et-3-[(CMeEt)
—O]—, ("Bu,N)(Cp)-M—C,H;-1-Et-3-[(CMeEt),—
O]—,  (‘Bu,N)(Cp)-M—C,H;-1-Et-3-[(CMeEt),—O]—,
(°*Bu,N)(Cp)-M—C, H;-1-Et-3-[(CMeEt),—O0]—, (‘Bu,N)
(Cp)-M—C,H;-1-Et-3-[(CMeEt),—O]—, (HO)-M—
C,H;-1-Et-3-[(CMeEt),—O]—, (MeO)-M—C_H,-1-Et-3-
[(CMeEt),—O]—, (CEtO)-M—C,H;-1-Et-3-[(CMeEt),—
O]—, ("PrO)-M—C,H,-1-Et-3-[(CMeEt),—O]—, (‘PrO)-
M—C_H;-1-Et-3-[(CMeEt),—O]—, ("BuO)-M—C,H;-1-
Et-3-[(CMeEt),—O]—, (‘Bu0)-M—C,H;-1-Et-3-
[(CMeEt),—O]—, (‘BuO)-M—C,H;-1-Et-3-[(CMeEt),—
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O]—, (sBuO)-M—C_H,-1-Et-3-[(CMeEt),—O]—, (H,N)
»—M—C,H,-1-"Pr-3-[(CH,),—O]—, (Me,N),—M—
C,H;-1-Pr-3-[(CH,),—O]—, (CEt,N),—M—C,H;-1-"Pr-
3-[(CH,),—O]—, (MeEtN),—M—C,H;-1-'Pr-3-[(CH,)
,—O]—, ("Pr,N),—M—C,H,-1-Pr-3-[(CH,),—O]—,
('Pr,N),—M—C,H,-1-"Pr-3-[(CH,),—O]—, ("Bu,N),—
M—C,H;-1-Pr-3-[(CH,),—O}—, (Bu,N),—M—C,H,-1-
Pr-3-[(CH,),—O0]—, (*Bu,N),—M—C,H;-1-Pr-3-[(CH,)
»—0]— (‘BuN);—M—C,H;-1-"Pr-3-[(CH,),—O]—,
(HN)(Cp)-M—C,H;-1-Pr-3-[(CH,),—O]—, (Me,N)
(Cp)M—C,H,-1-Pr.3-[(CH,),—O]—, (CELN)(Cp)}-M—
C,H;-1-Pr-3-[(CH,),—O]—, (MeEtN)(Cp)-M—C,H,-1-
Pr-3-[(CH,),—O]—, ("Pr,N)(Cp)-M—C,H;-1-"Pr-3-
[(CH,),—O0]—, (PrN)(Cp)-M—C,H;-1-Pr-3-[(CH,),—
Ol—  (BusN)YCp)}M—C,H,-1-Pr-3-{(CH,), O],
(Bu,N)(Cp)-M—C,H,-1-Pr-3{(CH,),— O] —,  (Bu,N)
(Cp)M—C,H, -1 -Pr-3-[(CH,),—O] —, (Bu,N)(Cp)}-M—
C,H;-1-"Pr-3-[(CH,),—O]—, (Cp)-M—C,H;-1-Pr-3-
[(CH,),—O]—, (MeO)-M—C,H,-1-Pr-3-[(CH,),—O] —,
(CEt0)-M—C,H;-1-Pr-3-[(CH,),—O]—, ("PrO)—M—
C,H;-1-Pr-3-[(CH,),—O]—, (iPrQ)-M—C4H3- 1-'Pr-3-
[(CH,),—O]—, ("Bu0)-M—C,H,-1-Pr-3-[(CH,),—O] —,
('Bu0)-M—C,H;-1-"Pr-3-[(CH,),—O]—, (‘BuO)-M—
C,H;-1-Pr-3-[(CH,),—O]—, (BuO)-M—C,H;-1 -Pr-3-
[(CH,),—Ol—  (H,N),—M—C,H,-1-Pr-3-[((Me,),—
O]—, (Me,N),—M—C_ H;-1-Pr-3-[(CMe,),—O]—,
(CEt,N),—M—C,H,-1-Pr-3-[(CMe,),—O0]—, (MeEtN)
»—M—C,H;-1-Pr-3-[(CMe,),—O]—, ("Pr,N),—M—
C,H;-1-Pr-3-[(CMe,),—O]—, ("Pr,N) —M—C,H;-1 -Pr-
3-[(CMe,),—O]—, ("Bu,N),—M—C,H;-1-'Pr-3-[(CMe,)
Ol (Bu;N),M—C,H,1-Pr3(CMe,),— O},
(*Bu,N),—M—C,H,-1-Pr-3-[(CMe,),—O]—, (‘Bu,N),—
M—C,H;-1-Pr-3-[(CMe,),—O]—, (H,N)(Cp)-M—C,H,-
1-'Pr-3-[(CMe,),—O]—, (Me,N)(Cp)-M—C,H,-1-Pr-3-
[(CMe,),—O]—, (CEt,N)(Cp)-M—C,H;-1-Pr-3-[(CMe,)
»—O0]—, (MeEtN)(Cp)-M—C,H;-1-Pr-3-[(CMe,),—
Ol ("PrN)(Cp}M—C,H,-1-Pr3(CMe,), O,
('Pr,N)(Cp)-M—C,H;-1-Pr-3-[(CMe,),—O]—, ("Bu,N)
(Cp)-M—CH,-1-Pr3-[(CMe,), O], (Bu,N)(Cp)-
M—C_H;-1-"Pr-3-[(CMe,),—O]—, (*Bu,N)(Cp)-M—
C,H;-1-Pr-3-[(CMe,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-
Pr-3-[(CMe,),—O]—, (HO)-M—C,H;-1-'Pr-3-[(CMe,)
»—O0]—, (MeO)-M—C,H;-1-Pr-3-[(CMe,),—O]—,
(CEtO)-M—C,H;-1-Pr-3-[(CMe,),—O]—, ("PrO)-M—
C,H;-1-Pr-3-[(CMe,),—O]—, (iPrO)-M—C4H3- 1-'Pr-3-
[(CMe,),—O]—, ("BuO)-M—C,H;-1-Pr-3-[(CMe,),—
O]—, (‘Bu0)-M—C,H;-1-Pr-3-[(CMe,),—O]—, (‘BuO)-
M—C,H;-1-Pr-3-[(CMe,),—O]—, (*BuO)-M—C,H,-1-
'Pr-3-[(CMe,),—O]—, (HLN),—M—C, H;-1-Pr-3-
[(CEt),—O]—, (Me,N),—M—C,H;-1-Pr-3-[(CEt, ), —
O]—, (CEt,N),—M—C,H,-1-"Pr-3-[(CEt,),—O]—,
(MeEtN),—M—C,H;-1-"Pr-3-[(CEL,),—O]—, ("Pr,N),—
M—C,H,-1-"Pr-3-[(CEt,),—O]—, (‘Pr,N),—M—C,H,-1-
Pr-3-[(CEt,),—O]—, ("Bu,N),—M—C,H;-1-Pr-3-
[(CE),—O]—, (Bu,N),—M—C,H;-1-Pr-3-[(CEt,),—
O]—, (*Bu,N),—M—C,H;-1-Pr-3-[(CEt,),—O]—,
(tBuzN)2*M4C4H3' 1-°Pr-3-[(CEL,),—O0]—, (H,N)(Cp)-
M—C, H,;-1-Pr-3-[(CEt,),—O]—, Me,N)(Cp)-M—C,H,-
1-'Pr-3-[(CEt,),—O]—, (CEt,N)(Cp)-M—C,H,-1-Pr-3-
[(CEt,),—O]—, (MeEN)(Cp)-M—C,H,-1-"Pr-3-[(CEt,)
Ol ("PEN)(Cp)-M—C,H,-1-Pr3-[(CEt,),—Ol—,
(‘Pr,N)(Cp)-M—C _H;-1-Pr-3-[(CEt,),—O]—, ("Bu,N)
(Cp)-M—C,H,-1-Pr-3-[(CEt);—OF—, (Bu,N)(Cp)}-M—
C,H;-1-"Pr-3-[(CEt,),—O]—, (*Bu,N)(Cp)-M—C,H,;-1-
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Pr-3-[(CEt,),—O]—, ("Bu,N)(Cp)-M—C,H;-1-"Pr-3-
[(CEL),—O]—  (Cp)-M—C,H,-1-'Pr-3-[(CEL,),—O]—,
(MeO)-M—C_H;-1-'Pr-3-[(CEt,),—O]—,  (CEtO)-M—
C,H;-1-Pr-3-[(CEt,),—O]—, ("PrO)-M—C,H;-1-Pr-3-
[(CEt,),—O]—, (‘PrO)-M—C,H,-1-"Pr-3-[(CEt,),—O]—,
("Bu0)-M—C,H;-1-Pr-3-[(CBt,),—O]—,  (‘BuO)-M—
C,H;-1- "Pr-3-[(CEt,),—O]—, (‘BuO)-M—C,H;-1-"Pr-3-
[(CEt,),—O]—, (*Bu0)-M—C,H;-1-Pr-3-[(CEt,),—
O]—, (H,N),—M—C,H;-1-Pr-3-[(C'Pr,),—O]—,
(Me,N),—M—C,H,-1-"Pr-3-[(C'Pr,),—O]—, (CEt,N),—
M—C,H;-1-Pr-3-[(C'Pt,),—O]—, (MeEtN),—M—C,H;-
1-'Pr-3-[(C’Pr,),—O]—, ("Pr,N),—M—C,H;-1-Pr-3-
[(C'Pry),—O]—, (Pr,N),—M—C,H;-1-"Pr-3-[(C'Pr,),—
O]—, ("Bu,N),—M—C,H;-1-Pr-3-[(C'Pr,),—O]—,
(‘Bu,N),—M—C,H;-1-"Pr-3-[(C’Pr,),—O]—, (*Bu,N),—
M—C,H;-1-Pr-3-[(C'Pt,),—O]—, (‘Bu,N),—M—C,H;-
1-'Pr-3-[(C’Pr,),—O]—, (H,N)(Cp)-M—C,H,-1-Pr-3-
[(CPr),—Of—,  (Me;N)(Cp)-M—C,H,-1-Pr-3-[(C'Pr,)
Ol —, (CELN)(Cp)-M-—C,H,-1-Pr-3-[(C'Pr,),—Ol—,
(MeEtN)(Cp)-M—C_H,-1-"Pr-3-[(C'Pr,),—O]—, ("Pr,N)
(Cp)M—C,H,-1-Pr-3-[(C'Pr,);—O—, (Pr;N)Y(Cp)-M—
C,H;-1-Pr-3-[(C’P1,),—O]—, ("Bu,N)(Cp)-M—C,H,-1-
Pr-3-[(C'Pr,),—O]—, ('Bu,N)(Cp)-M—C,H;-1-"Pr-3-
[(CPry),—O—  (Bu,N)(Cp)-M—C,H,-1-Pr-3-[(C'Pr)
Ol —, (BuN)XCp)-M-—C,H,-1Pr3-[(C'Pr,),— O,
(HO)-M—C,H;-1-Pr-3-[(C'Pr,),—O]—, (MeO)-M—
C,H,-1-"Pr-3-[(C'Pr,),—O]—, (CEtO)-M—C,H,-1-Pr-3-
[(C'Pr,),—O]—, ("PrO)-M—C,H,-1-"Pr-3-[(C’Pr,),—
O]—, (PrO)-M—C,H;-1-Pr-3-[(C’Pr,),—O0]—, (“Bu0O)-
M—C,H,-1-Pr-3-[(C'Pt,),—O]—, (‘BuO)-M—C,H,-1-
Pr-3-[(C'Pr,),—O]—, (‘Bu0)-M—C,H;-1-"Pr-3-[(C’Pr,)
»—O]—, (*BuO)-M—C_H,-1-'Pr-3-[(C'Pr,),—O]—,
(H,N),-M—C,H;-1-"Pr-3-[(C'Bu,),—O]—,  (Me,N),—
M—C,H;-1-Pr-3-[(C'Bu,),—O]—, (CEt,N),—M—C,H,-
1-'Pr-3-[(Bu,),—01— (MeEtN),—M—C,H;-1-"Pr-3-
[(CBu,),—O]—  ("Pr,N),—M—C,H,-1-"Pr-3-[(C'Bu,)
»>—O0l—  (Pr,N),—M—C,H;-1-"Pr-3-[(C'Bu,), O],
("Bu,N),—M—C,H;-1-Pr-3-[(Bu,),—O]—, (BuN),—
M—C,H,-1-Pr-3-[(C'Bu,),—O]—, (*Bu,N),—M—C,H,-
1—1Pr-3-[(C'Bu,),—O]—, (‘Bu,N),—M—C,H,-1-Pr-3-
[(CBuy),—Ol— (H,N) (Cp)-M—C,H;-1-Pr-3- [(C'Buy)
+—Ol—, (Me;N)(Cp)-M—C,H,-1Pr3-[(CBu,),— O],
(CEt,N)(Cp)-M—C,H,-1-Pr- 3-[(C'Bu,),—O0]—,
(MeEtN)(Cp)-M—C_H,-1-Pr-3-[(CBu,),—0]—, ("Pr,N)
(Cp)JM—C,H,-1- Pra-[(CBuy),—O— (Pr;N)Cp)-
M—C,H;-1-Pr-3-[(C'Bu,),—O]—, ("Bu,N)(Cp)-M—
C,H;- 1-Pr-3-[(C'Bu,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-
Pr-3-[(CBu,),—O]—, (*Bu,N)(Cp)-M—C,H;-1—1Pr-3-
[(CBu,);—Ol— (Bu,N)(Cp)-M—C,H;-1-Pr-3-[(C'Bu,)
—O]—, (HO)-M—C,H;-1-Pr-3-[(C'Bu,),—O]—,
(MeO)-M—C H,-1-"Pr-3-[(C'Bu,),—0]—, (CEt0)-M—
C,H;-1-Pr-3-[(C'Bu,),—O]—, ("PrO)-M—C,H;-1-"Pr-3-
[(CBu,),—O]—, ('PrO)-M—C,H,-1-Pr-3-[(C'Bu,),—
O]—, ("Bu0)-M—C,H,;-1-"Pr-3-[(C'Bu,),—O]—, (‘BuO)-
M—C,H;-1-Pr-3-[(C'Bu,),—O]—, (‘BuO)-M—C,H,-1-
Pr-3-[(C'Bu,),—O0]—, (*Bu0)-M—C,H,-1-"Pr-3-[(C'Bu,)
»—O0l—,  (H,N),—M—C,H,-1-"Pr-3-[(CMeEt),—O]—,
(Me,N),—M—C,H,-1-"Pr-3-[(CMeEt),—O]—, (CEt,N)
»—M—C,H;-1-Pr-3-[(CMeBEt),—O]—, (MeEtN),—M—
C,H;-1-"Pr-3-[(CMeEt),—O]—,  ("Pr,N),—M—C,H,-1
Pr-3-[(CMeEt),—O]—, ('Pr,N),—M—C,H,-1-Pr-
3-[(CMeEt),—O]—, ("Bu,N),—M—C,H;-1-"Pr-3-
[(CMeEt),—O]—, (‘Bu,N),—M—C,H,-1- "Pr-3-[(CMeFEt)
»—O0}—, (Bu,N),—M—C,H,-1-"Pr-3-[(CMeEt),—O]—,
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(‘Bu,N),—M-—C,H,-1-Pr-3-[(CMeEt),—O]—,
(Cp)-M—C,H,-1-'Pr-3-[(CMeEt),—O]—,  (Me,N)(Cp)-
M-—C,H,-1-Pr->[(CMeEt), O] —,  (CEt,N)(Cp)-M—
C,H,-1-Pr-3-[(CMeEt),—O]—, (MeEtN)(Cp)-M—C,H,-
1-'Pr-3-[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H;-1-Pr-3-
[(CMeEt),—O]—, (Pr,N)(Cp)-M—C,H,-1-Pr-3-
[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H,-1-Pr-3-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-"Pr-3-

(HN)

[(CMeEt),—O]—. (*Bu,N)(Cp)-M—C,H,-1-Pr-3-
[(CMeEt),—O]—. (‘Bu,N)(Cp)-M—C,H,-1-Pr-3-
[(CMeEt),—O}—, (HO)-M—C,H;-1-"Pr-3-[(CMeEt),—
O]—, (Me0)-M—C,H;-1-Pr-3-[(CMeEt),—O]—,
(CEtO)-M—C,H,-1-Pr-3-[(CMeEt),—O]—, ("PrO)-M—
C,H;-1-Pr-3-[(CMeEt),—O]—, (‘PrO)-M—C,H;-1-Pr-3-
[(CMeEt),—O]—, ("Bu0)-M—C,H;-1-"Pr-3-[(CMeEt),—
O]—, (‘Bu0)-M—C,H;-1-Pr-3-[(CMeEt) ,—O]—, (‘BuO)-
M—C,H;-1-Pr-3-[(CMeEt),—O]—, (*BuO)-M—C,H,-1-
Pr-3-[(CMeEt),—O]—, (H,N),—M—C,H;-1-'Bu-3-
[(CH,),—Ol—, (Me,N),—M—C,H;-1-Bu-3-[(CH,),—
O]—, (CEt,N),—M—C,H,-1-"Bu-3-[(CH,),—O]—,
(MeEtN),—M—C,H;-1-Bu-3-[(CH,),—O}—, ("Pr,N),—
M—C,H;-1-"Bu-3-[(CH,),—O]—, ("Pr,N),—M—C,H,-1-
‘Bu-3-[(CH,),—0]—, ("Bu,N),—M—C,H;-1-Bu-3-
[(CH,),—Ol—, (Bu,N),—M—C,H;-1-"Bu-3-[(CH,),—
Ol—, (*Bu,N),—M-—C,H;-1-Bu-3-[(CH,),—O]—,
(‘Bu,N),—M—C,H;-1-Bu-3-[(CH,),—O}—, (H,N)(Cp)-
M—C,H;-1"Bu-3-[(CH,),—O0O]—, (Me,N)(Cp)-M—
C,H;_1-Bu-3-[(CH,),—O0]—, (CEt,N)(Cp)-M—C,H;-1-
Bu-3-[(CH,),—O0]—,  (MeEN)(Cp)-M—C,H;-1-Bu-3-
[(CH,),—Ol—, ("Pr,N)(Cp)}-M—C,H,-1-Bu-3-[(CH,),
Ol (PEN)YCp)M—C,H,-1-Bu-3-{(CH,), O]
("Bu;N)(Cp)-M—C,H,-1-Bu3-[(CH,); O} —, (Bu,N)
(Cp)M—C,H, -1 Bu-3-[(CH,),—O]—, (‘Bu;N)(Cp)-M—
C,H;-1-Bu-3-[(CH,),—O0]—, (‘Bu,N)(Cp)-M—C,H;-1-
Bu-3-[(CH,),—O0]—, (HO)-M—C,H;-1-Bu-3-[(CH,),—
O]—, (MeO)-M—C, H,-1-Bu-3-[(CH,),—O0]—, (CEtO)-
M—C,H;-14Bu-3-[(CH,),—0O]—, ("PrO)-M—C,H,-1-
‘Bu-3-[(CH,),—O]—, (PrO)-M—C,H;-1-Bu-3-[(CH,),—
O]—, ("Bu0O)- M—C,H,-1-"Bu-3-[(CH,),—O]—, (‘Bu0O)-
M—C,H;-1-Bu-3-[(CH,),—O]—, (‘BuO)-M—C,H;-1-
Bu-3-[(CHO,—O]—, (*BuO)—M—C,H;-1-Bu-3-[(CH,)
Ol (H;N),M—C,H,-1-Bu3{(CMe,), O},
(Me,N),—M—C, H;-1-Bu-3-[(CMe,),—O0]—, (CEt,N)
>—M—C, H;-1"Bu-3-[(CMe,),—O]—, (MeEtN),—M—
C,H;-1-Bu-3-[(CMe,),—O}—,  ("Pr,N),—M—C,H;-1-
‘Bu-3-[(CMe,),—0]—, ('Pr,N),—M—C,H,-1-"Bu-3-
[(CMe,),—O]—, ("Bu,N),—M—C,H;-1-Bu-3-[(CMe,)
Ol — (Bu;N),—M—C,H,-1-Bu-3(CMe,),—O},
(*Bu,N),—M—C, H;-1-Bu-3-[(CMe,),—O]—, (‘Bu,N)
7 M—C,H;-1-"Bu-3-[(CMe,),—O]—,  (H,N)(Cp)-M—
C,H,-1-"Bu-3-[(CMe,),—O]—, (Me,N)(Cp)-M—C,H,-1-
Bu-3-[(CMe,),—O0]—, (CEt,N)(Cp)-M—C,H;-1-"Bu-3-
[(CMe,),—O]—, (MeEtN)(Cp)-M—C,H,-1-'Bu-3-
[(CMes)—O]—, ("Pr;N)(Cp)-M—C,H,-1-Bu-3-[(CMe,)
Ol —, (PEN)(Cp)-M—C,H,-1-Bu-3-(CMe,),—O—,
("Bu,N)(Cp)-M—C,H,-1-"Bu-3-[(CMe,),—O]—, (‘Bu,N)
(Cp)M—C,H,-1-Bu-3-[(CMe,), O] —,  (Bu,N)YCp)-
M—C,H;-14Bu-3-[(CMe,),—O]—, (‘Bu,N)(Cp)-M—
C,H;-1-Bu-3-[(CMe,),—O}—, (HO)-M—C,H;-1-Bu-3-
[(CMe,),—O]—, (MeO)-M—C,H,-1-"Bu-3-[(CMe,),—
O]—, (CEt0)-M—C,H,-1-"Bu-3-[(CMe, ),—O]—, (‘Pr,N)
(Cp)-M—C,H,-1-Bu-3[(CMe,),—O]—  ("Bu,N)Cp)-
M—C_H;-[(CMe,),—O]—, R n) m HiR- R r(r, NAR) O]—,
(‘BuO)-M—C,H;-1-Bu-3-[(CMe,),—O]—, (‘BuO)-M—
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C,H;-1-Bu-3-[(CMe,),—O}—, (°*BuO)-M—C,H,-1-Bu-
3-[(CMe,),—O0]—, (H,N),—M—C,H,-1-'Bu-3-[(CEt,)
»—O0l—,  (Me,N),—M—C,H,-1-Bu-3-[(CEt,),—O]—,
(CEt,N),—M—C,H;-1-Bu-3-[(CEt,),—O0]—, (MeEtN)
»—M—C, H,-1-Bu-3-[(CEt,),—O]—, (‘Pr,N)(Cp)-M-13
C,H;-1-Bu-3-[(CMe,),—O}—, ("Bu,N)(Cp)-M—C,H;-
[(CEt,),—O]—  ("Bu,N),—M—C,H;-1°Bu-3-NEO,—
O]—, (‘Bu,N),—M—C,H;-1-Bu-3-[(CEt,),—O]—,
(°*Bu,N),—M—C,H;-1-Bu-3-[(CEt,),—O]—, (‘Bu,N),—
M—C,H;-1"Bu-3-[(CEt,),—O]—, (H,N)(Cp)-M—C,H,-
1-'Bu-3-[(CEt,),—O]—, (Me,N)(Cp)-M—C,H;-1-"Bu-3-
[(CEt,),—O]—, (CEt,N)(Cp)-M—C,H;-1-Bu-3-[(CEt,)
»—O]—, (MeEtN)(Cp)-M—C,H,-1-'Bu-3-[(CEt,),—
Ol—  ("PaN)Cp)-M—C,H,-1-Bu-3-[(CEt),—Of
('Pr,N)(Cp)-M—C,H;-1-Bu-3-[(CEt,),—O]—, ("Bu,N)
(Cp)-M—C,H, -1 -Bu-3-[(CEt,),—O] . (BusN)(Cp)-M—
C,H;-1-Bu- 3-[(CEt,),—0]—, ("Bu,N)(Cp)-M—C,H;-1-
Bu-3-[(CEt,),—O]—, (Bu,N)(Cp)-M—C,H,-1- Bu-3-
[(CBt),—O]—,  (Bu,N)YCp)-M—C,H,-1-Bu-3-[(CEt,)
01—, (Bu;N)YCp)-M—C,H,-1-Bu-3-[(CEL,), O,
(HO)-M—C, H;-1-"Bu-3-[(CEt,),—O]—, (MeO)-M—
C,H;-1-"Bu-3-[(CEt,),—0]—, (CEtO)-M—C,H,-1-"Bu-3-
[(CEt,),—O]—, ("PrO)-M—C,H;-1-Bu-3-[(CEt,),—
O]—, (‘PrO)-M—C,H,-1-"Bu-3-[(CEt,),—O]—, (“Bu0O)-
M—C,H,-1-Bu-3-[(CEt,),—O}—, (‘BuO)-M—C,H,-1-
Bu-3-[(CEt,),—O]—, (‘BuO)-M—C,H,-1-Bu-3-[(CEt,)
>—0]—, (*Bu0)- M——C,H,-1-'Bu-3-[(CEt,),—O]—,
(H,N),—M—C,H;-1-Bu-3-[(CPr,),—O]—, (Me;N),—
M—C,H;-1-Bu-3-[(C’Pr,),—O]—, (CEt,N),—M—C,H,-
1-Bu-3-[(C'Pr,),—O]—, (MeEtN),—M—C,H,-1-"Bu-3-
[(C'Pry),—O]—, ("Pr,N),—M—C,H;-1-Bu-3-[(C'Pr,),—

Ol—, (Pr,N),—M-C,H;-1-Bu- 3-[(C™Pr,),—O—.
("Bu,N),—M—C,H;-1"Bu-3-[(C’Pr,),—O]—,  (Bu,N)
»—M—C,H;-1"Bu-3-[(C’Pr,),—O0]—, (Bu,N),—M—

C,H;-1-Bu-3-[(C’Pr,),—O]—,  (Bu,N),—M—C,H,-1-
Bu-3-[(C'Pr,),—O]—, (HL,N)(Cp)-M—C,H;-1-Bu-3-
[(C'Pr,),—Ol—, (Me&;N)(Cp)-M—C,H,-1-Bu-3-[(C'Pr,)
—O]—, (CEt,N)(Cp)-M—C,H;-1-Bu-3-[(C'Pr,),—
O]—  (MeEtN)(Cp)-M—C,H,-1-"Bu-3-[(C'Pr,),—O]—,
("Pr,N)(Cp)-M—C,H,-1-"Bu-3-[(C’Pr,),—O]—, (‘Pr,N)
(Cp)-M—C,H,-1-Bu-3-[(C'Pr,), O] —,  ("Bu;N)Cp)-
M—C, H;-1-Bu-3-[(C'Pr,),—O0]—, (Bu,N)(Cp)-M—
C,H;-1-Bu-3-[(C’Pr,),—O]—, (*Bu,N)(Cp)-M—C,H,-1-
Bu-3-[(C'Pr,),—O]— (Bu,N)(Cp)- M—C,H,-1-"Bu-3-
[(C'Pr,),—O]—, (HO)-M—C,H;-1-Bu-3-[(C'Pr,),—
O]—, Me0)-M—C,H,-1-Bu-3-[(C’Pr,),—O]—, (CEtO)-
M—C,H;-1-"Bu-3-[(C’Pr,),—O]—, ("PrO)-M—C,H,-1-
Bu-3-[(C'Pr,),—O]—, ('PrO)-M—C,H;-1-"Bu-3-[(C’Pr,)
—O]—, ("Bu0)-M—C,H;-1-Bu-3-[(C'Pr,),—O]—,
(‘BuO)-M—C,H;-1-"Bu-3-[(C’Pr,),—O]—, (‘BuO)-M—
C,H,-1-"Bu-3-[(C'Pr,),—O]—, (*BuO)-M—C,H,-1-"Bu-3-
[(CPry),—O]—, (H,N);—M—C,H;-1-Bu-3-[(C'Bu,),—
O]—, (Me,N),—M—C,H,-1-"Bu-3-[(C'Bu,),—O]—,
(CEt,N),—M—C,H;-1-Bu-3-[(C'Bu,),—0O]—, (MeEtN)
M—CHs-1 5, 5-[(cmn)oop—, (ProN);—M—C H;-
1-'Bu-3-[(CBu,),—0O]—,  (Pr,N),—M-—C,H;-1-"Bu-3-
[(C'Bu,),—O]—, ("Bu,N),—M—C,H;-1-Bu-3-[(CBu,)
»—O0l—  (Bu,N),~M—C,H;-1-Bu-3-{(C'Bu,), O] —,
(°Bu,N),—M—C,H;-1-Bu-3-[(C'Bu,),—O0]—, (‘Bu,N)
+M—C,H,-1“Bu3-[(CBu,), O] —, (H,N)(Cp)M—
C,H;-1-"Bu-3-[(C'Bu,),—O0]—, (Me,N)(Cp)-M—C,H;-1-
Bu-3-[(C'Bu,),—O]—, (CEt,N)(Cp)-M—C,H;-1-"Bu-3-
[(CBu,),—O]—, (MeEtN)(Cp)-M—C,H;-1-'Bu-3-
[(CBu,);—Ol— ("ProN)(Cp)-M—C,H;-1-Bu-3-[(C'Bu,)
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Ol —, (Pr,N)(Cp)-M—C,H,-1-Bu-3-[(C'Bu,), O],
("Bu,N)(Cp)-M—C,H,-1-"Bu-3-[(C'Bu,),—O0]—, (‘Bu,N)
(Cp)-M—C,H;-1-Bu-3-[(C'Bu,),—Ol—  (Bu,N)(Cp)-
M—C,H;-1-'Bu-3-[(C'Bu,),—O]—, (Buzn)(cp)-M—
CyH5-1-Bu-3-[(¢y5.0)2.01, (Cp)-M—C,I1;-1-Bu-3-
[(CBu,),—O0]—, MeO)-M—C,H,-1"Bu-3-[(C'Bu,),—
O]—, (CEtO)-M—C H,-1-'Bu-3-[(C’'Bu, ),—O0]—, ("PrO)-
M—C,H;-1"Bu-3-[(C'Bu,),—0]—, (‘PrO)-M—C,H;-1-
‘Bu-3-[(C'Bu,),—O0]—, ("BuO)-M—C,H;-1-"Bu-3-
[(C'Bu,),—O]—, (Bu0)-M—C,H,-1-Bu-3-[(C'Bu,),—
O]—, (‘BuO)-M—C,H,-1-Bu-3-[(C'Bu,),—O]—, (*BuO)-
M—C,H;-1"Bu-3-[(C'Bu,),—0]—, (H,N),—M—C,H,-
1-'Bu-3-[(CMeEt),—O]—, (Me,N),—M—C,H,-1-"Bu-3-
[(CMeEt),—O]—, (CEt,N),—M—C,H;-1-Bu-3-
[(CMeEt),—O]—, (MeEtN),—M—C,H,-1-"Bu-3-
[(CMeEt),—O]—, ("Pr,N),—M—C,H;-1-"Bu-3-[(CMeEt)
»—0]—, (Pr,N),—M—C,H,-1-"Bu-3-[(CMeEt),—O]—,
("Bu,N),—M—C,H,-1-Bu-3-[(CMeEt),—O]—, (‘Bu,N)
>—M—C,H;-1"Bu-3-[(CMeEt),—O]—, (Bu,N),—M—
C,H,-1-"Bu-3-[(CMeEt),—O]—, (‘Bu,N),—M—C,H,-1-
‘Bu- 3-[(CMeEt),—O]—, (H,N)(Cp)-M—C,H;-1-Bu-3-
[(CMeEt),—O]—, (Me,N)(Cp)-M—C,H;-1-"Bu-3-
[(CMeEt),—O]—, (CEt,N)(Cp)-M—C,H,-1-"Bu-3-
[(CMeEt),—O]—, (MeEtN)(Cp)-M—C,H;-1-"Bu-3-
[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H;-1-Bu-3-
[(CMeEt),—O]—, ('Pr,N)(Cp)-M—C,H,-1-"Bu-3-
[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H,-1-'Bu-3-
[(CMeEt),—O]—, (13u,N)(Cp)-M—C,H;-1-Bu-3-
[(CMeEt),—O]—, (*Bu,N)(Cp)-M—C,H;-1-"Bu-3-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-Bu-3-
[(CMeEt),—O]—, (HO)-M—C,H;-1-Bu-3-[(CMeEt),—
O]—, (MeO)-M—C,H,-1-Bu-3-[(CMeEt),—O]—,
(CEtO)-M—C,H,-1-"Bu-3-[(CMeEt),—O]—, ("PrO)-M—
C,H;-1-Bu-3-[(CMeEt),—O]—, (‘PrO)-M—C,H,-1-"Bu-
3-[(CMeEt),—O0]—, ("Bu0)-M—C,H;-1-"Bu-3-[(CMeEt)
,—O0]—, (‘Bu0)-M—C,H,-1-"Bu-3-[(CMeEt),—O]—,
(‘BuO)-M—C,H,-1-Bu-3-[(CMeEt),—O]—, (*BuO)-M—
C,H;-1-'Bu-3-[(CMeFEt),—O]—,  (H,N),—M—C,H;-1-
Me-2-[(CH,),—O]—, (Me,N),—M—C_ H;-1-Me-2-
[(CH,),—O]—, (CELN),—M-—C,H,-1-Me2-{(CH,),
O]—, (MeEtN),—M—C, H;-1-Me-2-[(CH,),—O]—,
("ProN),—M—C H;-1-Me-2-[(CH,),—O]—,  (PryN),—
M—C,H;-1-Me-2-[(CH,),—O]—, ("Bu,N),—M—C,H;-
1-Me-2-[(CH,),—O]—, (Bu,N),—M—C,H;-1-Me-2-
[(CH,),—0]— (Bu,N),—M—C,H;-1-Me-2-[(CH,),—
O]—, (‘Bu,N),—M—C,H;-1-Me-2-[(CH,),—O]—, (H,N)
(Cp)M—C,H, -1 Me-2-[(CH,),—O}—, (Me;N)(Cp)-M—
C,H;-1-Me-2-[(CH,),—0O]—, (CEt,N)(Cp)-M—C_H;-1-
Me-2-[(CH,),—O]—, (MeEtN)(Cp)-M—C,H;-1-Me-2-
[(CH,),—O0]—, ("Pr,N)(Cp)-M—C,H;-1-Me-2-[(CH,),—
Ol C(PEN)Cp)-M—C,H,-1-Me-2-[(CH,), O] —,
("BuN)(Cp)-M—C, H,-1-Me-2-[(CH,),—O]—, _(Bu,N)
(Cp)-M—CH,-1-Me-2-{(CH,),— O}, (BuN)(Cp)-M—
C,H;-1-Me-2-[(CH,),—O0]—, (‘Bu,N)(Cp)-M—C,H;-1-
Me-2-[(CH,),—O]—, (Cp)-M—C,H,-1-Me-2-[(CH,),—
O]— (MeO)-M—C,H;-1-Me-2-[(CH,),—O]—, (CEtO)-
M—C,H;-1-Me-2-[(CH,),—O]—,  ("PrO)-M—C_H;-1-
Me-2-[(CH,),—O]—, (‘PrO)-M—C,H,-1-Me-2-[(CH,),—
O]—, ("BuO)-M—C,H,-1-Me-2-[(CH,),—O]—, (‘BuO)-
M—C,H;-1-Me-2-[(CH,),—O]—, (‘BuO)-M—C,H,-1
e 2m [(CH2)2-O]—, (*Bu0)-M—C, H;-1-Me-2-[(CH,),—
O]—, (H,N),—M—C,H;-1-Me-2-[(CMe,),—O]—,
(Me,N),—M—C, H;-1-Me-2-[(CMe,),—O]—, (CEt,N)
»—M—C, H;-1-Me-2-[(CMe,),—O]—, (MeEIN),—M—
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C,H;-1-Me-2-[(CMe,),—O]—,
Me-2-[(CMe,),—O]—,

("Pr,N),—M—C,H;-1-
('Pr,N),—M—C,F1,-1-Me-2-
[(CMe,),—O]—, ("Bu,N),—M—C,H;-1-Me-2-[(CMe,)
—O]—, (Bu,N),—M—C,H;-1-Me-2-[(CMe,),—O]—,
(Bu,N),—M—C,H;-1-Me-2-[(CMe,),—O]—,  (‘Bu,N)
»—M—C,H;-1-Me-2-[(CMe,),—O}—,  (H,N)(Cp)-M—
C,H;-1-Me-2-[(CMe,),—O]—, (Me,N)(Cp)-M—C,H;-1-
Me-2-[(CMe,),—O]—, (CEt,N)(Cp)-M—C_ H;-1-Me-2-
[(CMe,),—O]—, (MeEtN)(Cp)-M—C_H;-1-Me-2-
[(CMe,);—OL—, ("Pr,N)(Cp)- M—C,H,-1-Me-2-[(CMe,)
Ol —, (P;N)(Cp)-M—C,H,-1-Me-2-[(CMe,),—Ol—,
("Bu,N)(CP)—M—C,H;-1-[(CMe,),—O]—, (Bu,N)
(Cp)—M—C H,-1-Me-2-{(CMe,),— O], (Bu,N)(Cp)—
M—C,H;-1-Me--[(CMe,),—Ol—,  (‘Bu,N)(Cp)—M—
C,H;-1-Me-2-[(CMe,),—O]—, (HO)-M—C_ H;-1-Me-2-
[(CMe,),—O]—, (MeO)-M—C,H,;-1-Me-2-[(CMe,),—
O]—, (CEtO)-M—C_H;-1-Me-2-[(CMe,),—O]—, ("PrO)-
M—C,H,-1-Me-2-[(CMe,),—O}—, (‘PrO)-M—C,H,-1-
Me-2-[(CMe,),—O]—, ("BuO)-M—C_H;-1-Me-2-
[(CMe,),—O]—, (‘BuO)-M—C, H;-1-Me-2-[(CMe,),—
O]—, (‘Bu0)-M—C,H;-1-Me-2-[(CMe,),—O]—,
(*BuO)—M—C, H;-1-Me-2-[(CMe,),—O]—, (H,N),—
M—C_H;-1-Me-2-[(CEt,),—O]—, (Me,N),—M—C,H,-
1-Me-2-[(CEt,),—O]—,  (CEt,N),—M—C,H;-1-Me-2-
[(CEt,),—O]—, (MeEtN),—M—C,H;-1-Me-2-[(CEt,),—
O]—, ("Pr,N),—M—C,F1,-1—Me-2-[(CEt,),—O]—,
('Pr,N),—M—C,H,-1-Me-2-[(CEt,),—O}—, ("Bu,N),—
M—C,H;-1-Me-2-[(CEt,),—O]—, (Bu,N),—M—C,H,-
1-Me-2-[(CEt,),—O]—,  (*Bu,N),—M—C,H;-1-Me-2-
[(CEL),—Ol— (Bu,N),—M—C H;-1-Me-2-[(CEL,),—
Ol (HN)(Cp)-M—C,H,-1-Me-2-[(CEt),—Of
(Me,N)(Cp)-M—C _H,;-1-Me-2-[(CEt,),—0O]—, (CEt,N)
(Cp)-M—C,H;-1-Me-2-[(CEt,),—O]—,  (MeEtN)(Cp)-
M—C_H;-1-Me-2-[(CEt,),—O]—, ("Pr,N)(Cp)-M—
C,H;-1—Me- 2-[(CEt,),—O]—, (Pr,N)(Cp)-M—C,H,-1-
Me-2-[(CEt,),—O]—, ("Bu,N)(Cp)-M—C,H;-1—Me—-
2-[(CEt,),—O]—, (Bu,N)(Cp)-M—C_,H,-1-Me-2-[(CEt,)
Ol (Bu;N)(Cp)-M—C,H,-1-Me- 2-[(CEt,),—Ol—,
(‘Bu,N)(Cp)-M—C,H,-1-Me-2-[(CEt,),—O0O]—, (HO)-
M—C_H;-1-Me-2-[(CEt,),—O]—, (MeO)-M—C,H;-1-
Me-2-[(CEt,),—O]—, (CEtO)-M—C,H;-1-Me-2-[(CEt,)
—O]—, ("PrO)-M—C_H;-1-Me-2-[(CEt,),—O]—,
('PrO)-M—C,H;-1-Me-2-[(CEt,),—O0]—,  ("BuO)-M—
C,H,-1-Me-2-[(CEt,),—O]—, (‘Bu0)-M—C,H,-1-Me-2-
[(CEt,),—O]—, ("Bu0)-M—C,H;-1-Me-2-[(CEt,),—
Ol—, (‘BuO)-M—C, H;-1-Me-2-[(CEt,),—O]—, (H,N)
»—M—C,H;-1-Me-2-[(C'Pr,),—O]—,  (Me,N),—M—
C,H;-1-Me-2-[(C'Pr,),—O]—, (CEt,N),—M—C,H,-1-
Me-2-[(C'Pr,),—O]—, (MeEtN),—M—C_H,-1-Me-2-
[(CPr,),—O]—,  ("Pr,N),—M—C,F1;-1-Me-2-[(C’Pr,)
5>—O0l—  (Pr,N),—M—C,H;-1-Me-2-[(C'Pr,),—O]—,
(nBu,N),—M—C,H;-1-Me-2-[(C’Pr,),—O}—, (Bu,N)
»—M—C, H,-1-Me-2-[(C'Pr,),—O]—,  (*Bu,N),—M—
C,H;-1-Me-2-[(C'Pr,),—O0]—,  (Bu,N),—M—C,H,-1-
Me-2-[(C’Pr,),—O]—, (H,N)(Cp)-M—C,H;-1-Me-2-
[(CPry),— O —  (Me;N)(Cp)-M—C,H,-1-Me-2-[(C'Pr)
Ol —, (CEL,N)(Cp)-M—C, H,-1-Me-2.{(C'Pr,),—Ol—,
(MeEtN)(Cp)-M—C,H,-1-Me-2-[(C'Pr,),—O]—, ("Pr,N)
(Cp)M—C,H, -1 -Me-2-[(C'Pr,),—O]—, (Pr;N)Y(Cp)-M—
C,H;-1-Me-2-[(C'Pr,),—O]—, ("Bu,N)(Cp)-M—C,H,-1-
Me-2-[(C’Pr,),—O]—,  (Bu,N)(Cp)-M—C,H;-1-Me-2-
[(C'Pry), O}, (Bu,N)YCp)-M—C,H,-1-Me-2-[(C'Pr)
Ol —, (BuN)(Cp)}-M—C,H,-1-Me-2-[(C’Pr,),— O,
(HO)-M—C,H;-1-Me-2-[(C’Pr,),—O]—, (MeO)-M—
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C,H;-1-Me-2-[(C'Pr,),—O}—, (CEt0)-M—C,H,-1-Me-2-
[(CPr,),—O]—, ("PrO)-M—C,H,-1-Me-2-[(C'Pr,),—
O]—, ('PrO)-M—C,H;-1-Me-2-[(C'Pr,),—O0]—, ("Bu0O)-
M—C,H;-1-Me-2-[(C’Pr,),—O]—, (‘BuO)-M—C,H,-1-
Me-2-[(C'Pr,),—O]—, (‘BuO)-M—C,H,-1-Me-2-[(C'Pr,)
»—O0]—, (*Bu0)-M—C H;-1-Me-2-[(C'Pr,),—O]—,
(H,N),—M—C,H;-1-Me-2-[(C'Bu,),—O0]—,  (Me,N),—
M—C_ H;-1-Me-2-[(C'Bu,),—O0]—, (CEt,N),—M—
C,H;-1-Me-2-[(C'Bu,),—O}—, (MeEN),—M—C,H;-1-
Me-2-[(C*Bu,),—0]—, ("Pr,N),—M—C,H;-1-Me-2-
[(C'Bu,),—O]—, (Pr,N),—M—C,H;-1-Me-2-[(C'Bu,)
Ol ("BusN),—M—C,H,-1-Me-2-[(C'Bu,),—O}—,
('Bu,N),—M—C,H,-1-Me-2-[(C'Bu,),—O0]—, (‘Bu,N)
»—M—C, H;-1-Me-2-[(C'Bu,),—O0]—, (‘Bu,N),—M—
C,H;-1-Me-2-[(C'Bu,),—O}—, (HN)(Cp)-M—C,H;-1-
Me-2-[(C'Bu,),—0]—, (Me,N)(Cp)-M—C,H;-1-Me-2-
[(C'Bu,),—O0]—, (CEt,N)(Cp)-M—C,H;-1-Me-2-[(C'Bu,)
,—O]—, (MeEtN)(Cp)-M—C,H;-1-Me-2-[(C'Bu,),—
Ol—  ("Pr;N)Cp)M—C,H,-1-Me-2-[(C'Bu,),—Of
("Pr,N)(Cp)-M—C, H,-1-Me-2- [(CBu,),—O0]—, ("Bu,N)
(Cp)-M—C,H,-1-Me-2-[(C'Bu,),—O] —,  (Bu;N)YCp)-
M—C,H;-1- Me-2-[(C'Bu,),—0]—, (*Bu,N)(Cp)-M—
C,H;-1-Me-2-[(C'Bu,),—O]—, (‘Bu,N)(Cp)-M—C_,H;-1-
Me-2-[(C’'Bu,),—O0]—, (HO)-M—C,H;-1-Me-2-[(C'Bu,)
,—O]—, (MeO)-M—C,H;-1-Me-2-[(C'Bu,),—O]—,
(CEtO)-M—C, H;-1-Me-2-[(C'Bu,),—O0]—, ("PrO)-M—
C,H;-1-Me-2-[(C'Bu,),—O}—, (‘PrO)-M—C,H,-1-Me-2-
[(C'Bu,),—O]—, ("BuO)-M—C, H;-1-Me-2-("Bu,),—
O]—, (") —M—CHs-1 4, 2-[(C'Bu,),-O]—, (‘BuO)-
M—C,H;-1-Me-2-("Bu,),—O]—,  (*BuO)-M—C,H;-1-
Me-2-[(C'Bu,),—0]—, (H,N),—M—C,H;-1-Me-2-
[(CMeEt),—O]—, (Me,N),—M—C_ H;-1-Me-2-
[(CMeEl),—O]—, (CEt,N),—M—C H;-1-Me-2-
[(CMeEt),—O]—, (MeEtN),—M—C,H;-1-Me-2-
[(CMeEt),—O]—, ("Pr,N),—M—C,H;-1-Me-2-[(CMeEt)
»—O0]—, (Pr,N),—M—C,H; 1 -Me-2-[(CMeEt),—O0]—,
("Bu,N),—M—C, H;-1-Me-2-[(CMeEt),—O]—, (‘Bu,N)
»>—M—C,H;-1-Me—2-[(CMeEt),—O]—, (*Bu,N),—
M—C, H;-1-Me-2-[(CMeEt),—O]—, (‘Bu,N),—M—
C,H;-1-Me-2-[(CMeE1),—O]—, (H,N)(Cp)-M—C,H,;-1-
Me-2-[(CMeEt),—O]—, (Me,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEl),—O]—, (CEt,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEt),—O]—, (MeEtN)(Cp)-M—C,H;-1-Me-2-
[(CMeEl),—O]—, ("Pr,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEl),—O]—, ('Pr,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEl),—O]—, ('Bu,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEt),—O]—, (*Bu,N)(Cp)-M—C_H;-1-Me-2-
[(CMeEl),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-Me-2-
[(CMeEt),—O]—, (HO)-M—C,H;-1-Me-2-[(CMeEl),—
O]—, (MeO)-M—C,_H,-1-Me-2-[(CMeEt),—O]—,
(CEtO)-M—C H;-1-Me-2-[(CMeEt),—O]—, ("PrO)-M—
C,H;-1-Me-2-[(CMeEt),—O]—, (‘PrO)-M—C,H,-1-Me-
2-[(CMeEl),—O]—, ("BuO)-M—C_H;-1-Me-2-[(CMeEt)
»—0]—, (*"")—M—C H;-1 ,,,2- [(cazer1)2-01—, (‘BuO)-
M—C_H;-1-Me-2-[(CMeEt),—O]—, ("BuO)-M—C,H,;-1-
Me-2-[(CMeEt),—O]—, (H,N),—M—C,H;-1-Et-2-[(C,)
»—O0]— (Me,N),-M—C_H;-1-Et-2-[(CH,),—O]—,
(Et,N),-M—C,H;-1-Et-2-[(CH,),—O]—, (MeEtN),—
M—C, H,;-1-Et-2-[(CH,),—O]—, ("Pr,N),—M—C,H;-1-
Et-2-[(CH,),—O0]—, (‘Pr,N),-M—C,H;-1-Bt-2-[(CH,),—
Ol  (BuN),—M—C,H,-1-Et2{(CH,), O},
(‘Bu,N),—M—C,H;-1-Et-2-[(CH,),—O]—  (*‘Bu,N),—
M—C,H;-1-Et-2-[(CH,),—O0]—, (‘Bu,N),—M—C,H;-1-
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Bt2-{(CH,), O}, (H,N)(Cp)-M—C,H,-1-Bt-2-[(CH,)
>—O0}—  (Me;N)(Cp)-M—C,H,-1-Et-2-[(CH,),—O}—,
(CEt,N)(Cp)-M—C,H;-1-Et-2-[(CH,),—O]—, (MeEtN)
(Cp)-M—C,H;-1-Et-2-[(CH,),—O]—,  ("Pr,N)(Cp)-M—
C,H;-1-Et-2-[(CH,),—O]—, (Pr,N)(Cp)-M—C,H;-1-
Et-2-[(CH,),—O]—, ("Bu,N)(Cp)-M—C,H,;-1-Et-2-
[(CH,),—O]—, (Bu,N)(Cp)-M—C,H;-1-Et-2-[(CH,),—
O}—, (Bu,N)(Cp)-M—C,H;-1-Et-2-[(CH,),—O]—,
(‘Bu,N)(Cp)-M—C H,-1-Et-2-[(CH,),—O]—, (HO)-M—
C,H;-1-Et-2-[(CH,),—O]—, (MeO)-M—C_H;-1-Et-2-
[(CH,),—O]—, (CEtO)—M—C_H;-1-Et-2-[(CH,),—
O]—, ("PrO)—M—C,H;-1-Et-2-[(CH,),—O}—, (‘PrO)-
M—C, H,-1-Et-2-[(CH,),—O]—, ("Bu0O)-M—C,H;-1-Et-
2-[(CH,),—O]—, (‘BuO)-M—C,H;-1-Bt-2-[(CH,),—
O]—, (‘Bu0)-M—C,H;-1-Et-2-[(CH,),—O]—, (*BuO)-
M—C_H;-1-Et-2-[(CH,),—O]—, (H,N),—M—C,H;-1-
Et-2-[(CMe,),—O]—, (Me,N),—M—C_H,-1-Et-2-
[(CMe,),—O]—, (CEt,N),-M—C,H;-1-Et-2-[(CMe,),—
O]—, (MeEtN),—M—C_H,-1-Et-2-[(CMe,),—O]—,
("Pr,N),—M—C,H,-1-Et-2-[(CMe,),—O]—, (‘Pr,N),—
M—C_H;-1-Et-2-[(CMe,),—O]—, ("Bu,N),—M—C,H,-
1-Et-2-[(CMe,),—O]—, (‘Bu,N),—M—C,H;-1-Et-2-
[(CMe,),—O]—, CBu,N),—M—C,H;-1-Et-2-[(CMe, ),—
O]—, (‘Bu,N),—M—C,H;-1-Et-2-[(CMe,),—O]—,
(H,NY(Cp)-M—C,H,-1-B-2-[(CMe,),—Of—,  (Me,N)
(Cp)-M—C,H, -1 Bt-2[(CMe,),—O} —,  (CELN)Cp)-
M—C,H,;-1-Et-2-[(CMe,),—O]—, (MeEtN)(Cp)-M—
C,H;-1-Et-2-[(CMe,),—O]—, ("Pr,N)(Cp)-M—C,H;-1-
Et-2-[(CMe,),—O]—, ('Pr,N)(Cp)-M—C,H;-1-Et-2-
[(CMe,),— O], ("BuN)(Cp)-M—C,H,-1-B2{(CMe,)
Ol —, (Bu,N)(Cp)-M—C,H,-1-Et-2-[(CMe,),—Ol—,
(Bu,N)(Cp)- M—C,H;-1-Et-2-[(CMe,),—O]—, (‘Bu,N)
(Cp)-M—C,H;-1-Et-2-[(CMe,),—O]—, (HO)-M—C,H;-
1-Et-2-[(CMe,),—O]—, (MeO)-M—C,H;-1-Et-2-[(CMe,)
—O0]—, (CEtO)-M—C_H;-1-Et-2-[(CMe,),—O]—,
("PrO)-M—C_H;-1-Et-2-[(CMe,),—O]—, (‘PrO)-M—
C,H;-1-Et-2-[(CMe,),—O]—, ("BuO)-M—C_H,-1-Et-2-
[(CMe,),—O]—, (‘BuO)-M—C,H;-1-Ft-2-[(CMe, ),—
O]—, (‘Bu0)-M—C_ H,-1-E-21(CMe,),—OF, (*Bu0O)-
M—C_H;-1-E-2-[(CMe,),—O]—, (H,N),—M—C,H;-1-
Et-2-[(CEt,),—O]—, (Me,N),—M—CH,-1-Et-2-[(CEt,)
—O]—,  (CEt,N),—M—C,H;-1-Et-2-[(CEt,),—O]—,
(MeEtN),—M—C_H,-1-Et-2-[(CEt,),—O]—, ("Pr,N),—
M—C,H,-1-Et-2-[(CEt,),—O]—, (‘Pr,N),—M—C,F1,-1-
Et-2-[(CEt,),—O]—, ("Bu,N),—M—CH,-1-Et-2-[(CEt,)
—O0]—, (‘Bu,N),—M—C,H;-1-Et-2-[(CEL,),—O]—,
(°Bu,N),—M—C,H;-1-Bt-2-[(CEt,),—O]—, (‘Bu,N),—
M—C_H;-1-Et-2-[(CEt,),—O]—, (H,N)(Cp)-M—C_H;-1-
Et-2-[(CEt,),—O]—, (Me,N)(Cp)-M—C_H,-1-Et-2-
[(CBty),—O]—, (CE,N)(Cp)-M—C,H,-1-Et-2-{ (CEL,),—
O]—, (MeEtN)(Cp)-M—C,H,;-1-Et-2-[(CEt,),—O]—,
("Pr,N)(Cp)-M—C,H;-1-Et-2-[(CEt,),—O]—, ('Pr,N)
(Cp)-M-—C,H, -1 -Et-2-((CEL,),— O —, (Bu;N)(Cp)}-M—
C,H;-1-Et-2-[(CEt,),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Ft-
2-[(CEt,),—O]—, (*Bu,N)(Cp)-M—CH,-1-Et-2-[(CEt,)
+—O}—,  (BusN)(Cp)-M—C,H,-1-Et2-[(CEL,), O},
(HO)-M—C_H;-1-Et-2-[(CEt,),—O]—, (MeO)-M—C H;-
1-Et-2-[(CEt,),—O]—, (CEtO)-M—C,H,-1-Et-2-[(CEt,)
»—O0}—, ("Pr0)-M—C,H,-1-Et-2-[(CEt,),—O]—, (‘PrO)-
M—CH;-1 g 2- [(_CEt2)2-O]—, (MBHO)*M*C4H3 -1-Et-2-
[(CEL;),—Ol—,  (BuO)X-M—C,Hs-1 5 2-[(cmn)o.0p,
(‘BuO)-M—C,H;-1-Et-2-[(CEt,),—O]—, (*BuO)-M—
C,H;-1-Et-2-[(CEt,),—O]—, (H,N),—M—CH,-1-Et-2-
[(C'Pry);—O]—, (Me;N);—M—C,H;-1-Et-2-[(C'Pr,),—
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O]—, (CEt,N),—M—C,H;-1-Et-2-[(C'Pr,),—O]—,
(MeEtN),—M—C ,H,-1-Et-2-[(C'Pr,),—O}—, ("Pr,N),—
M—C,H;-1-E-2-[(C’Pr,),—O]—, (Pr,N),—M—C,H,-1-
Et-2-[(C’Pr,),—O]—, ("Bu,N),—M—C_H;-1-Et-2-
[(C'Pry),—O]—, (Bu,N),—M—C,H;-1-Et-2-[(C'Pr,),—
O]—, (*Bu,N),—M—C,H;-1-Et-2-[(C’Pr,),—O]—,
(tBuzN)2*M4C4H3f 1-Et-2-[(C'Pry),—O0]—, (H,N)(Cp)-
M—C_H;-1-Et-2-[(C'Pr,),—O]—, (Me,N)(Cp)-M—CH,-
1-Bt-2-[(C’Pr,),—O]—,  (CEt,N)Cp)-M—C,H;-1-Et-2-
[(C'Pr,),—O]—, (MeEtN)(Cp)-M—C,H,-1-Et-2-[(C'Pr,)
Ol (PE;N)(Cp)-M—C,H,-1-B2-{(CPr),— O],
('Pr,N)(Cp)-M—C,H;-1-Et-2-[(C'Pr,),—O]—, ("Bu,N)
(Cp)-M—C,H, -1 -Et-2((C'Pr),—OL—, (Bu;N)(Cp)}M—
C,H;-1-Et-2-[(C'Pr,),—O]—, (*Bu,N)(Cp)-M—C,H,-1-
Et-2-[(C’Pr,),—O]—, ("Bu,N)(Cp)-M—C,H,-1-Et-2-
[(CPry),— O, (Cp)-M—C,H,-1-E-2-[(CPr,),—O]—,
(MeO)-M—C_H;-1-Et-2-[(C'Pr,),—O]—,  (CEtO)-M—
C,H,-1-Et-2-[(C'Pr,),—O}—,  ("PrO)-M—C,H,-1-Bt-2-
[(CPr,),—O]—, ('PrO)-M—C,H;-1-Et-2-[(C'Pr,),—
O]—, ("BuO)-M—C,H,-1-Et-2-[(C'Pr,),—O]—, (‘BuO)-
M—C,H;- 1-Bt-2-[(C’Pr,),—O]—, (‘BuO)-M—C,H,-1-
Et-2-[(C’Pr,),—O]—, (*Bu0)-M—C,H,-1-Et-2-[(C’Pr,)
Ol (HN),M—C,H,-1-Et-2-[(C'Bu,),— O],
(Me,N),—M—C, H;-1-Et-2-[(C'Bu,),—O0]—, (CEt,N),-
M—C,H;-1-Et-2-[(C'Bu,),—O]—, (MeEtN),—M—C,H,-
1-Et-2-[(C'Bu,),—O]—, ("Pr,N),—M—C_H,-1-Et-2-
[(C'Bu,),—O]—, ("Pr,N),—M—C,H;-1-Et-2-[(C'Bu,),—
O]—, ("Bu,N),—M—C,H;-1-Bt-2-[(CBu,),—O]—,
('Bu,N),—M—C,H;-1-Et-2-[(C'Bu,),—O]—, (*Bu,N),—
M—C,H;-1-Et-2-[(C'Bu,),—O]—, (‘Bu,N),—M—C,H,-
1-Et-2-[(C'Bu,),—O]—, (H,N)(Cp)-M—C_H;-1-Et-2-
[(CBu,),—Ol—, (Me;N)(Cp)-M—C,H,-1-B2-(C'Buy)
Ol (CE,N)(Cp)-M—C,H,-1-Bt-2-[(C'Bu,),—Ol—,
(MeEtN)(Cp)-M—C,H;-1-Et-2-[(C'Bu,),—O0]—, ("Pr,N)
(Cp)M—C,H, -1 -Et-2-{(C'Bu,),—O]—, (Pr;N)(Cp)}-M—
C,H;-1-Et-2-[(C'Bu,),—0]—, ("Bu,N)(Cp)-M—C,H;-1-
Et-2-[(C'Bu,),—O]—, (‘Bu,N)(Cp)-M—CH,-1-Et-2-
[(CBu,);—O]—, (Bu,N)(Cp)-M—C,H;-1-Et—2-
[(CBu,),—O]—, (‘Bu,N)(Cp)—M—C,H,-1-Et-2-
[(C'Bu,),—O]—, (‘Bu,N)-M—C, H;-1-Et-2-[(C'Bu,),—
O]—, (MeO)-M—C,H;-1-Et-2-[(CBu,),—0]—, [(CBu,)
»—O0]—, (Et0)-M—C H;-1-Et-2-[(C'Bu,),—O]—,
("PrO)-M—C,H;-1-Et-2-[(C'Bu,),—0]—, (‘PrO)-M—
C,H;-1-Et-2-[(CBu,),—O]—, ("Bu0)-M—C,H,-1-Et-2-
[(CBu,),—O]—,  (‘BuO)-M—C,H;-1-Et-2-[(C'Bu,),—
0O]—, (‘BuO)- M—C,H,-1-Et-2-[(C'Bu,),—O]—, (*BuO)-
M—C,H;-1-Et-2-[(C'Bu,),—O0}—, (H,N),-M—C,H;-1-
Et-2-[(CMeEt),—O]—, (Me,N),—M—C_H,-1-Et-2-
[(CMeEt),—O]—, (CEt,N),—M—C_ H;-1- Et-2-[(CMeEt)
»—O]—, (MeEtN),—M—C_H;-1-Et-2-[(CMeEt),—O]—,
("Pr,N),—M—C,H,-1-Et-2-[(CMeEt),—O]—, (‘Pr,N),—
M—C_H;-1-Et-2-[(CMeEt),—O]—, ("Bu,N),—M—
C,H;-1- Et-2-[(CMeEt),—O0]—, (Bu,N),—M—C,H,-1-
Et-2-[(CMeEt),—O]—, (*Bu,N),—M—C_H,-1-Et-2-
[(CMeEt),—O]—, (‘Bu,N),—M—C,H;-1-Et-2-[(CMeEt)
>—O]—, H,N)(Cp)-M—C_H;-1-Et-2-[(CMeEt),—O]—,
(Me,N)(Cp)-M—C _H,-1-Et-2-[(CMeEt),—O]—, (Et,N)
(Cp)-M—C,H;-1-Et-2-[(CMeEt),—O]—, (MeEtN)(Cp)-
M—C_H;-1-Et-2-[(CMeEt),—O]—, ("Pr,N)(Cp)-M—
C,H;-1-Et-2-[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H,-1-
Et-2-[(CMeEt),—O]—,  ("Bu,N)(Cp)-M—C_H,-1-Et-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Et-2-
[(CMeEt),—O]—, (*Bu,N)(Cp)-M—C_H,-1-Et-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Et-2-
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[(CMeEt),—O]—, (HO)-M—C,H;-1-Et-2-[(CMeEt),—
O]—, MeO)-M—C _H;-1-Et-2-[(CMeEt),—O]—, (CEtO)-
M—C_H;-1-Et-2-[(CMeEt),—O]—, (“PrO)-M—C,H;-1-
Et-2-[(CMeEt),—0]—, (PrO)-M—C,H,-1-Et-2-[(CMeEt)
»—O]—, ("BuO)-M—C _H,-1-Et-2-[(CMeEt),—O]—,
(‘BuO)-M—C,H;-1-Bt-2-[(CMeEt),—O]—, (‘BuO)-M—
C,H;-1-Et-2-[(CMeEt),—O]—, (*BuO)-M—C_H,-1-Et-2-
[(CMeEt),—O]—, (H,N),—M—C,H;-1-Pr-2-[(CH,),—
O]—, (Me,N),—M—C,H;-1-"Pr-2-[(CH,),—O]—,
(CEt,N),—M—C,H;-1-Pr-2-[(CH,),—O]—, (MeEtN),—
M—C,H;-1-Pr-2-[(CH,),—O]—, ("Pr,N),—M—C,H;-1-
Pr-2-[(CH,),—O]—, (Pr,N),—M—C,H;-1-'Pr-2-[(CH,)
»—O0l—  ("Bu,N),—M—C,H;-1-Pr-2-[(CH,),—O]—,
(Bu,N),—M—C,H;-1-"Pr-2-[(CH;),—O]—, (Bu,N),—
M—C,H;-1-"Pr-2-[(CH,),—O]—, (Bu,N),—M—C,H;-
1-Pr-2-[(CH,),—O]—, (HLN)(Cp)-M—C,H;-1-"Pr-2-
[(CH,),—0]—, (Me;N)(Cp)-M—C,H;-1-Pr-2-[(CH,),—
OF—  (CELNYCp)M—C,H,-1-Pr-2-[(CH,), O] —,
(MeEtN)(Cp)-M—C,H;-1-Pr-2-[(CH,),—O}—, ("Pr,N)
(Cp)-M—CH,-1“Pr2-(CH,),—Ol—, (Pr;N)(Cp)-M—
CH;-1-Pr-2-[(CH,),—O}—,  ("Bu,N)(Cp)-M—C,H;-1-
Pr-2-[(CH,),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-"Pr-2-
[(CH,),—O]—("BusN)Y(Cp)-M—CH,-1-Pr-2-{ (CH,),—

O (BusNOCp)M—C,H,-1-Pr-2-{(CH,), O},
(HO)-M—C,H;-1-"Pr-2-[(CH,),—O]—, (MeO)-M—
C,H;-1-Pr-2-[(CH,),—O]—, (CEt0)-M—C,H;-1-Pr-2-
[(CH,),—O]—, ("PrO)-M-—C,H,-1-Pr-2-[(CIL,),— O] —,
('PrO)-M—C,H;-1-"Pr-2-[(CH,),—O]—, ("BuO)-M—
C,H;-1-Pr-2-[(CH,),—O]—, (‘BuO)-M—C,H;-1-"Pr-2-
[(CH,),—O—, (BuO)-M—C,H,-1-Pr-2-[(CIL,), O] —,
(*BuO)-M—C,H,;-1-'Pr-2-[(CH,),—O]—, (Bu,N),-M—
C,H;-1-Pr-2-[(CMe,),—Ol—,  (Me,N),—M—C,H;-1-
Pr-2-[(CMe,),—O]—, (CEt,N),—M—C,H;-1-"Pr-2-
[(CMe,),—O]—, (MeEtN),—M—C,H;-1-Pr-2-[(CMe,)
+ Ol  ("Pt:N),M—C,H,-1-Pr2 (CMe,),— O},
('Pr,N),—M—C,H,-1-Pr-2-[(CMe,),—O]—, ("Bu,N),—
M—C,H,-1-Pr-2-[(CMe,),—O]—, (‘Bu,N),—M—C,H,-
1-Pr-2-[(CMe,),—O]—,  (*Bu,N),—M—C,H,-1-"Pr-2-
[(CMe,),—O]—, (Bu,N),—M—C,H,-1-Pr-2-[(CMe,)
Ol (H,N)(Cp}-M—C,H,-1-Pr-2(CMe,),—Ol—,
(Me,N)(Cp)-M—C_H,;-1-"Pr-2-[(CMe,),—O]—, (CEt,N)
(Cp)-M—C,H;-1-Pr-2-[(CMe,),—O]—,  (MeEtN)(Cp)-
M—C,H;-1-Pr-2-[(CMe,),—O]—, ("Pr,N)(Cp)-M—
CH,1-P2-{(CMe,),— O (Pr;N)(Cp)-M—C,H,-1-
Pr-2-[(CMe,),—O]—,  ("Bu,N)(Cp)-M—C,H,-1-"Pr-2-
[(CMe,),—O]—, (IBu,N)(Cp)-M—C,H;-1-Pr-2-[(CMe,)
Ol —, (‘BuN)(Cp)}-M—C,H,-1-Pr-2(CMe,),—Ol,
(‘Bu,N)(Cp)-M—C,H,-1-"Pr-2-[(CMe,),—O]—  (HO)-
M—C,H;-1-Pr-2-[(CMe,),—O]—, (MeO)-M—C,H;-1-
Pr-2-[(CMe,),—O]—, (CEt0)-M—C,H,-1-Pr-2-[(CMe,)
—O]—, ("PrO)-M—C,H,-1-Pr-2-[(CMe,),—O]—,
('PrO)-M—C,H;-1-Pr-2-[(CMe,),—O]—,  ("BuO)-M—
C,H;-1-Pr-2-[(CMe,),—O]—, (BuO)-M—C_H,-1-Pr-2-
[(CMe,),—O]—,  (‘BuO)-M—C,H;-1-Pr-2-[(CMe,),—
O]—, (BuO)-M—C,H;-1-'"Pr-2-[(CMe,),—O]—, (H,N)
»—M—C, H;-1-"Pr-2-[(CEt,),—O]—, (Me,N),—M—
C,H;-1-"Pr-2-[(CEt,),—O]—, (CEt,N) —M—C,H;-1 -Pr-
2-[(CEt,),—O]—, (MeEtN),—M—C,H,-1-"Pr-2-[(CEt,)
»—O]—, ("PrN),—M—C,H;-1-'Pr-2-[(CEt,) ,—O]—,
('Pr,N),—M—C, H,-1-"Pr-2-[(CEt,),—O]—, ("Bu,N),—
M—C,H;-1-Pr-2-[(CEt,),—O]—, (13u,N),—M—C,H,-
1-'Pr-2-[(CEt,),—O]—, (*Bu,N),—M—C,H;-1-Pr-2-
[(CEty);—O]— (Bu,N),—M—C,H;-1-"Pr-2-[(CEt,),—
Ol (H.N)YCp)M—C,H,-1-Pr-2-[(CEt), O}
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(Me,N)(Cp)-M—C_H,-1 ilor-2-[(CEt,),—O]—, (CEt,N)
(Cp)-M—C,H,-1-"Pr-2-[(CEt,),—O]—, (MeEtN)(Cp)-
M—C,H;-1-Pr-2-[(CEt,),—O]—, ("Pr,N)(Cp)-M—CH,-
1-'Pr-2-[(CEt,),—O]—, ('"Pr,N)(Cp)-M—C H;-"Pr-2-
[(CEt,),—O]—, ("Bu,N)(Cp)-M—C,H;-1'Pr-2-[(CEt,),—
Ol—  (BuN)YCp)}M—C,H,-1-Pr-2-[(CEt,), O]
(*Bu,N)(Cp)-M—C,H,-1-"Pr-2-[(CEL,),—O]—, (‘Bu,N)
(Cp)-M—C,H;-1-"Pr-2-[(CEt,),—O]—, HO)-M—C,H;-
1-'Pr-2-[(CEt,),—O]—, (MeO)-M—C,H;-1-Pr-2-[(CEt,)
,—O]—, (CEtO)-M—C,H,-1-"Pr-2-[(CEt,),—O]—,
("PrO)-M—C,H;-1-"Pr-2-[(CEt,),—O]—, ('PrO)-M—
C,H;-1-Pr-2-[(CBt,),—O]—, ("BuO)-M—C,H;-1-Pr-2-
[(CEt,),—O]—, ('BuO)-M—C,H,-1-Pr-2-[(CEt,),—
O]—, (‘BuO)-M—C,H;-1-Pr-2-[(CEt,),—O]—, (*BuO)-
M—C,H;-1-Pr-2-[(CEt,),—O]—, (H,N),—M—C,H,-1-
Pr-2-[(C'Pr,),—O]—, (Me,N),—M—C,H;-1-Pr-2-
[(CPr,),—O]— (CEt,N),-M—C,H;-1-"Pr-2-[(C'Pr,),—
O]—, (MeEtN),—M—C,H,-1-"Pr-2-[(C'Pr, ),—O]—,
("Pr,N),—M—C, H;-1-"Pr-2-[(C'Pr,),—O]—, (Pr,N),—
M—C,H,-1-Pr-2-[(C'Pt,),—O]—, ("Bu,N),—M—C,H,-
1-'Pr-2-[(C’Pr,),—O]—, ('Bu,N),—M—C,H,-1-Pr-2-
[(C'Pry),—O]—, (Bu,N),—M—C,H;-1-"Pr-2-[(C'Pr,),—
O]—, (‘Bu,N),—M—C,H;-1-"Pr-2-[(C'Pr,),—O]—,
(HNY(Cp)-M—C,H,-1-Pr-2-[(C'Pr), Ol (Me,N)
(Cp)-M—C,H,-1-"Pr-2-[(CIPr,),—O]—, (CEt,N)(Cp)-
M—C,H;-1-Pr-2-[(C'Pr,),—O]—, (MeEN)(Cp)-M—
C,H;-1Pr-2-[(C'Pr,),—O]—,  ("Pr,N)(Cp)-M—C,H,-1-
Pr-2-[(C'Pr,),—O]—, ('Pr,N)(Cp)-M—C,H;-1-Pr-2-
[(C'Pr,),—O]—, Bu,N)(Cp)-M—C,H;-1-Pr-2-[(C'Pr,),—
Ol (BuN)XCp)-M—CH,-1-Pr-2-(C'Pr,), O
(*Bu,N)(Cp)-M—C,H;-1-"Pr-2-[(C’Pr,),—O]—, (‘Bu,N)
(Cp)—M—C,H,-1-"Pr  -2-[(C'Pt,),—0]—, (HO)-M—
C,H;-1-Pr-2-[(C'P1,),—O]—, (MeO)-M—C,H;-1-Pr-2-
[(CPr,),—O]—, (CBEtO)-M—C,H;-1-"Pr-2-[(C'Pr,),—
O]—, ("PrO)-M—C,H;-1-Pr-2-[(C'Pr,),—O]—, (’PrO)-
M—C,H;-1-Pr-2-[(C'Pr,),—O]—, ("BuO)-M—C,H,-1-
Pr-2-[(C'Pr,),—O0]—, (‘BuO)-M—C,H,-1-"Pr-2-[(C'Pr,)
»—O0]—, ("BuO)-M—CH;-1-"Pr-2-[(C’Pr,),—O]—,
(*Bu0)-M—C,H,-1-Pr-2-[(C'Pr,),—O]—, (H,N),—M—
C,H;-1-Pr-2-[(C'Bu,),—O]—,  (Me,N),—M—C,H,-1-
Pr-2-[(CBu,),—O]—, (CEt,N),—M—C,H;-1-Pr-2-
[(C'Bu,),—O]—, (MeEN),—M—C,H;-1-"Pr-2-[(C'Bu,)
Ol ("PEN),—M—C,H,-1-Pr-2-[(C'Bu,),— O},
('Pr,N),—M—C, H,-1-Pr-2-[(CBu,),—0]—, ("Bu,N),—
M—C,H;-1-Pr-2-[(CBu,),—O]—, (‘Bu,N),—M—C,H,-
1-Pr-2-[(CBu,),—O]—  (*Bu,N),—M—C,H,-1-'Pr-2-
[(CBu,),—O]—, (Bu,N),—M—C,H,-1-"Pr-2-[(C'Bu,)
O, (HN)(Cp)-M—C,H,-1-Pr2-[(C'Bu,),— O],
(Me,N)(Cp)-M—C,H;-1-"Pr-2-[(C'Bu,),—0O]—, (CEt,N)
(Cp)-M—C,H;-1-"Pr-2-[(C'Bu,),—0]—, (MeEtN)(Cp)-
M—C,H,-1-Pr-2-[(C'Bu,),—O]—, ("Pr,N)(Cp)-M—
C,H;-1-Pr-2-[(C'Bu,),—O]—, (Pr,N)(Cp)-M—C,H,-1-
Pr-2-[(CBu,),—O0}—,  ("Bu,N)(Cp)-M—C,H,-1-Pr-2-
[(C'Buy),—Ol—, (Bu,N)(Cp)-M—C,H;-1-Pr-2-[(C'Bu,)

—O0]—, (Bu,N)(Cp)-M—C,H;-1-'Pr-2-[(C'Bu,),—
O]—, (‘Bu,N)(Cp)-M—C,H;-1-"Pr-2-[(C'Bu,),—O]—,
(HO)- M—C,H;-1-Pr-2-[(C'Bu,),—O]— [(CBu,),—

Ol—, (MeO)-M—C,H,-1-"Pr-2-[(C'Bu,), O] —, (EiO)-
M-—C,H,-1-Pr-2-[(C'Bu,),—O]—, ("PrO)}-M—C,H;-1-
Pr-2-[(C'Bu,),—O]—, (PrO)-M—C,H,-1-Pr-2-[(C'Bu,)
,—O]—, ("BuO)-M-—C,H,-1-Pr-2-[(C'Bu,),— O],
(‘BuO)-M—C,H,-1-Pr-2-[(C'Bu,),— O] —, (‘BuO)-M—
C,H,-1-Pr-2-[(C'Bu,),—O]—, (BuO)-M—C,H,-1-Pr-2-
[(C'Bu,),—O]—, (H,N),—M—C,H,-1-Pr-2-[(CMeEt),—
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ol (Me,N),-M—C,H,-1-Pr-2-[(CMeEt),—O]—,
(CEt,N),—M—C,H,-1-Pr-2-[(CMeEt),— O] —, (MeEtN)
»—M-—C,H;- 1-Pr-2-[(CMeEt),—O]—, ("Pt,N),—M—
C,H;-1-Pr-2-[(CMeEt),—O]—,  (Pr,N),—M—C,H;-1-
"Pr-2-[(CMeEt),—O]—,  ("Bu,N),—M—C,H,-1-Pr-2-
[(CMeEt),—O]—, (Bu,N),—M—C,H,-1-"Pr-2-[(CMeE)
»—O0l—, (Bu,N),—M—C,H,-1-Pr-2-[(CMeEt), O],
(Bu,N)y—M—C,H,-1-Pr-2-[(CMeEt), O] —,  (H,N)
(Cp)-M—C,H;-1-Pr-2-[(CMeEt),—O]—,  (Me,N)(Cp)-
M-—C,H,-1-Pr-2-[(CMeEt), O] —,  (CEL,N)(Cp)-M—
C,H;-1-'Pr-2-[(CMeEt),—O]—, (MeEtN)(Cp)-M—C,H,-
1-"Pr-2-[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H;-1-Pr-2-

[(CMeEt),—O]—, (Pr,N)(Cp)-M—C,H,-1-"Pr-2-
[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H,-1-Pr-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-"Pr-2-
[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H,-1-"Pr-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-"Pr-2-
[(CMeEt),—O]—, (HO)-M—C,H,-1-"Pr-2-[(CMeEt),—
Ol (MeO)-M-—C,H,-1-Pr-2-[(CMeEt),— O],

(CEt0)-M—C,H,-1-"Pr-2-[(CMeEt),—O]—, ("PrO)-M—
C,H;-1-Pr-2-[(CMeEt),—O]—, (‘PrO)-M—C,H;-1-Pr-2-
[(CMeEt),—O]—, ("BuO)-M—C,H;-1-"Pr-2-[(CMeEt),—
O]—, (‘Bu0)-M—C,H;-1-"Pr-2-[ (CMeEt) ,—O]—, (‘BuO)-
M—C,H;-1-Pr-2-[(CMeEt),—O]—, (*BuO)-M—C,H,-1-
Pr-2-[(CMeEt),—O]—, (H,N),—M—C,H,-1-'Bu-2-
[(CHy),—Ol—, (Me,N),—M—C,H;-1-Bu-2-[(CH,),—
O]—, (CEt,N),-M—C H,-1-Bu-2-[(CH,),—O0]—,
(MeEtN),—M—C H;-1-Bu-2-[(CH,),—O}—, ("Pr,N),—
M—C,H;-1-Bu-2-[(CH,),—O]—, (Pr,N),—M—C,H,-1-
‘Bu-2-[(CH,),—0O]—, ("Bu,N),—M—C,H,-1-Bu-2-
[(CHy),—Ol—, (Bu,N),—M—C,H;-1-Bu-2-[(CH,),—
Ol—, (*Bu,N),—M-—C,H;-1-Bu-2-[(CH,),—O]—,
(‘Bu,N),—M—C,H;-1-Bu-2-[(CH,),—O}—, (H,N)(Cp)-
M—C,H;-1-Bu-2-[(CH,),—O]—, (Me,N)(Cp)-M—
C,H;-1-"Bu-2-[(CH,),—O}—, (CEt,N)(Cp)-M—C,H;-1-
Bu-2-[(CH,),—O0]—,  (MeEtN)(Cp)-M—C,H;-1-Bu-2-
[(CH,),—Ol—, ("Pr,N)(Cp)}-M—C,H,-1-Bu-2-[(CH,),
Ol (PEN)YCp)M—C,H,-1-Bu-2-{(CH,),—Of
("Bu;N)(Cp)-M—C,H,-1-Bu2-{(CH,), Ol —, (Bu,N)
(Cp)M—C,H, -1 “Bu-2-[(CH,),—O] —, (Bu;N)(Cp)-M—
C,H3-1-Bu-2-[(CHy),—Ol—  (15,20)(Cp)-M—C,H;-1-
Bu-2-[(cz2)2.01—, (Cp)-M—C,H;-1-Bu-2-{(CH,),—O]—,
(MeO)-M—C _H;-1-"Bu-2-[(CH,),—O}—, (CEtO)-M—
C,H;-1-'Bu-2-[(CH,),—O]—, ("PrO)-M—C,H;-1-Bu-2-
[(CH,),—O]—, (PrO)-M—C,H,-1-Bu-2-[(CH,),—O] —,
("BuO)- M—C,H;-1-'Bu-2-[(CH,),—0]—, (‘BuO)-M—
C,H;-1-Bu-2-[(CH,),—O}—, (‘BuO)-M—C,H;-1-Bu-2-
[(CH,)>—O]—, (‘BuO)—M—C,H;-1-Bu-2-[(CH,),—
Ol—, (H,N),—M—C,H;-1-Bu-2-[(CMe,),—O]—,
(Me,N),—M—C, H,-1-Bu-2-[(CMe,),—O0]—, (CEt,N)
>—M—C, H;-1"Bu-2-[(CMe,),—0]—, (MeEtN),—M—
C,H;-1-Bu-2-[(CMe,),—O}—,  ("Pr,N),—M—C,H;-1-
‘Bu-2-[(CMe,),—0]—, ('Pr,N),—M—C,H,-1-"Bu-2-
[(CMe,),—O]—, ("Bu,N),—M—C,H;-1-Bu-2-[(CMe,)
+ O (Bu;N),M—C,H,-1-Bu-2{(CMe,),—O},
(°Bu,N),—M—C, H;-1-Bu-2-[(CMe,),—O]—, (‘Bu,N)
7 M—C,H;-1-Bu-2-[(CMe,),—O]—,  (HLN)(Cp)-M—
C,H;-1-Bu-2-[(CMe,),—O]—, (Me,N)(Cp)-M—C,H,-1-
Bu-2-[(CMe,),—O0]—, (CEt,N)(Cp)-M—C,H;-1-Bu-2-
[(CMe,),—O]—, (MeEtN)(Cp)-M—C,H,-1-'Bu-2-
[(CMes)—O]—, ("Pr;N)(Cp)-M—C,H,-1-Bu-2-{(CMe,)
Ol —, (PEN)(Cp)-M_—C,H,-1-Bu-2-[(CMe,),—Ol—,
("Bu,N)(Cp)-M—C,H;-1-"Bu-2-[(CMe,),—O]—, ('Bu,N)
(Cp)M—C,H,-1-Bu-2-[(CMe,),—O] —,  (BusN)Cp)-
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M—C,H;-1-Bu-2-[(CMe,),—O] (‘Bu,N)(Cp)-M—
C,H,-1-'Bu-2-[(CMe,),—O]—, (HO)-M—C,H;-1-Bu-2-
[(CMe,),—O0]—, (MeO)-M—C,H;-1-Bu-2-[(CMe,),—
O]—, (CEtO)-M—C,H;-1-Bu-2-[(CMe,),—O]—, ("PrO)-
M—C,H,-1-'Bu-2-[(CMe,),—O]—, (‘PrO)-M—C,H,-1-
Bu-2-  [(CMe,),—O]—,  ("BuO)-M—C,H;-1-"Bu-2-
[(CMe,),—O]—, (‘BuO)-M—C,H;-1"Bu-2-[(CMe,),—
O]—, (‘Bu0)-M—C,H;-1-Bu-2-[(CMe,),—O]—, ("BuO)-
M—C,H;-1-Bu-2-[(CMe,),—O]—, (H,N),—M—C,H;-
1-'Bu-2-[(CEt,),—O]—,  (Me,N),—M—C,H,-1-"Bu-2-
[(CEt,),—O]—, (CEt,N),—M—C,H;-1-"Bu-2-[(CEt,),—
O]—, (MeEtN),—M—CH;-1-Bu-2-[(CEt,),—O0]—,
(‘Bu-2[(CEL,),—O]—, (‘Bu,N)-M—C,H,-1-"Bu-2-[(CEt,)
»—Ol—  (Bu,N),—M—C,H;-1-"Bu-2-[(CEL,),—O]—,
(‘Bu,N),—M—C,H;-1-Bu-2-[(CEL,),—O]—, (H,N)(Cp)-
M—C_ H;-1"Bu-2-[(CEt,),—O]—, (Me,N)(Cp)-M—
C,H;-1-"Bu-2-[(CEt,),—0]—, (CEt,N)(Cp)-M—C,H;-1-
‘Bu-2-[(CEt,),—O]—, (MeEtN)(Cp)-M—C,H;-1-Bu-2-
[(CBL), O] —  ("P;N)YCp)-M—C,H,-1-Bu-2-[(CEt,)
01—, (PE;N)Cp)-M—C,H,-1-Bu-2-[(CEL,), Ol —,
("Bu,N)(Cp)-M—C,H;-1-Bu-2-[(CEt,),—Ol—,  (Buy)
(Cp)- M—C,H,-1-Bu-2-[(CEt,), Ol —, (Bu,N)Cp)-
M—C_ H;-1"Bu-2-[(CEt,),—O]—, (‘Bu,N)(Cp)-M—
C,H;-1-Bu-2-[(CEt,),—O0]—, (HO)-M—C,H;-1-"Bu-2-
[(CEt,),—O]—, (MeO)-M—CH,-1-"Bu-2-[(CEt,),—
O]—, (CEtO)-M—C,H;-1-Bu-2-[(CEt,),—0]—, ("PrO)-
M—C,H,-1-'Bu-2-[(CEt,),—O}—,  (‘PrO)-M—C,H,-1-
Bu-2-[(CEt,),—O0]—, ("Bu0)-M—C, H,-1-"Bu-2-[(CEt,)
»—O0]—, (‘BuO)-M—C,H;-1-"Bu-2-[(CEt,),—O]—,
(‘BuO)-M—C,H,-1-"Bu-2-[(CEt,),—O]—, (*BuO)-
M—C,H;-1-"Bu-2-[(CEt,),—O}—, (H,N),—M—C,H;-1-
Bu-2-[(C'Pr,),—O] (Me,N),—M—C,H,-1-'Bu-2-
[(CPr,),—O]—,  (CEt,N),—M—C,H,-1-"Bu-2-[(C’Pr,)
»—0]—, (MeEtN),—M—C,H;-1-"Bu-2-[(C’Pr,),—O]—,
(Pr N1 M C H 1 R"-21[(C"Pr,),—O]—, (Pr,N),—M—
C,H;-1-Bu-2-[(C’Pr,),—O]—,  ("Bu,N),—M—C,H,-1-
Bu -2-[(C’Pr,),—O]—, (Bu,N),—M—C,H,-1 >Bu-2-
[(CPr,),—O]— (Bu,N),—M—C,H;- 1-Bu-2-[(C’Pr,)
O], (H,NYCp)-M-— C,H,-1“Bu-2-[(C'Pr,), O,
(Me,N)(Cp)-M—C,H;-Bu-2[(CPr,),—O] (CEt,N)
(Cp)-M—C,H;-1-"Bu-2-[(C’Pr,),—O]—, (MeEtN)(Cp)-
M—C,H;-1-"Bu-2-[(C'Pr,),—O]—, ("Pr,N)(Cp)-M—
C,H;-1-Bu-2-[(C’Pr,),—O]—, (Pr,N)(Cp)- M—C,H,-1-
Bu-2-[(C'Pr,),—O]—, (“Bu,N)(Cp)-M—C,H,-1-"Bu-2-
[(C'Pry), O (Bu,N)XCp)-M—C,H,-1-Bu-2-[(C'Pr,)
O], (Bu,NYCp)-M-—C,H,-1Bu-2-[(C'Pr,), O,
("Bu,N)(Cp)-M—C,H;-1-'Bu-2-[(C’Pr,),—O]—, (HO)-
M—C,H;-1-"Bu-2-[(C’Pr,),—O]—, (MeO)-M—C,H,-1-
Bu-2-[(C'Pr,),—O]—, (CEtO)-M—C, H;-1-"Bu-2-[(C'Pr,)
»—O0]—, ("PrO)-M—C,H;-1-"Bu-2-[(C’Pr,),—O]—,
('PrO)-M—C,H,-1-"Bu-2-[(C'Pr,),—O] ("BuO)-M—
C,H;-1-Bu-2-[(C’Pr,),—O]—, (‘Bu0)-M—C,H;-1-"Bu-2-
[(CPr,),—O]—,  (‘BuO)-M—C,H,-1-"Bu-2-[(C'Pr,),—
O]—, (*Bu0)-M—C,H;-1"Bu-2-[(C’Pr,),—O]—, (H,N)
»—M—C,H;-1-Bu-2-[(C'Bu,),—O0]—, (Me,N),—M—
C,H;-1-"Bu-2-[(C'Bu,),—0]—, (CEt,N),—M—C,H;-1-
Bu-2-[(C'Bu,),—O]—,  (MeEtN),—M—C,H,-1-"Bu-2-
[(CBu,),—O]—, "Pr,N,,—M—C,H,-1-Bu-2-[(C'Bu,),—
O]—, ('Pr,N),—M—C,H,-1-"Bu-2-[(CBu,),—O]—,
("Bu,N),—M—C,H,-1-Bu-2-[(C'Bu,),—0O]—, ('Bu,N)
»—M—C,H;-1-Bu-2-[(C'Bu,),—O0]—, “Bu,N,,—M—
C,H;-1-Bu-2-[(C'Bu,),—O]—, (Bu,N),—M—C,H;-1-
‘Bu-2-[(C'Bu,),—0]—, (H,N)(Cp)-M—C,H;-1-"Bu-2-
[(CBu,);—O]—, (Me,N)(Cp)-M—C,H;-1-Bu-2-[(C'Bu,)
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—O]—, (CELN)(Cp)-M—C,H;-1-Bu-2-[(C'Bu,),—
O]—, (MeEtN)(Cp)-M—C,H;-1-"Bu-2-[(C'Bu,),—O]—,
("Pr,N)(Cp)-M—C,H,-1-"Bu-2-[(C'Bu,),—O]—, (‘Pr,N)
(Cp)-M—CH,-1-Bu2-[(CBu,), O] —,  (Bu,N)Cp)-
M—C,H;-1-Bu-2-[(C'Bu,),—0]—, (‘Bu,N)(Cp)-M—
C,H;-1-Bu-2-[(C'Bu,),—0]—, ("Bu,N)(Cp)-M—C,H,-1-
Bu-2-[(CBu,),—Ol—, (5,00 (CP)-M—C, H;-1-tBu-2-
(cmudzo—, (Cp)-M—C,H;-1 -Bu-2-[(C'Bu,),—O]

(MeO)-M—C,H;-1-"Bu-2-[(C'Bu,),—0]—, (CEtO)-M—
C,H;-1-Bu-2-[(C'Bu,),—O]—, ("PrO)-M—C,H,-1-Bu-2-
[(CBu,),—O]—  (‘PrO)-M—C,H;-1-Bu-2-[(C'Bu,),—
O]—, ("BuO)-M—C,H;-1-Bu-2-[(C'Bu,),—O]—, (BuO)-
M—C,H;-1"Bu-2-[(C'Bu,),—O]—, (‘BuO)-M—C,H,-1-
Bu-2-[(C'Bu,),—O]—, (°*Bu0)-M—C,H;-1-Bu-2-
[(C'Bu,),—O]—  (H,N),—M—C,H;-1-"Bu-2-[(CMeEt)
>—0]—, (Me,N),—M—C,H,-1'Bu-2-[(CMeEt),—O]—,
(CEt,N),—M—C,H;-1-Bu-2-[(CMeEt) ,—O]—, (MeEtN)
>—M—C, H;-1"Bu-2-[(CMeEt),—O0]—, ('Pr,N),-M—
C,H,-1-"Bu-2- 2-[(CMeEt),—O0]—, elpr,N),—M—C,H;-
1-Bu-2-[(CMeEt),—O]—, ("Bu,N),—M—C,H,-1-Bu-2-
[(CMeEt),—O]—, (Bu,N),—M—C,H;-1-"Bu-2-[(CMeEt)
»—0]—, CBu,N),—M—C,H;-1-"Bu-2-[(CMeEt),—O]—,
(‘Bu,N),—M—C, H;-1-‘Bu-2-[(CMeEt),—O]—,  (H,N)
(Cp)-M—C,H;- 1-Bu-2-[(CMeEt),—O]—, (Me,N)(Cp)-
M—C,H;-1"Bu-2-[(CMeEt),—0O]—, (CEt,N)(Cp)-M—
C,H;-1-"Bu-2-[(CMeEt),—O]—, (MeEN)(Cp)-M—C,H;-
1-‘Bu-2-[(CMeEt),—O]—, ("Pr,N)(Cp)-M—C,H;-1-Bu-
2-[(CMeEt),—O]—, ('Pr,N)(Cp)-M—C,H;-1-Bu-2-

[(CMeEt),—O]—, ("Bu,N)(Cp)-M—C,H,-1-'Bu-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H,-1-Bu—2-
[(CMeEt),—O]—, (*Bu,N)(Cp)-M—C,H,-1-Bu-2-
[(CMeEt),—O]—, (‘Bu,N)(Cp)-M—C,H;-1-Bu-2-
[(CMeEt),O]—, (CE10)-M—C,H,-1-Bu-2-[(CMeE)
01—, (MeO)-M—C,H,-1-Bu-2-[(CMeEt), O],

(CEtO)-M—C,H;-1-"Bu-2-[(CMeEt),—O]—, ("PrO)-M—
C,H;-1-Bu- 2-[(CMeEt),—0]—, (PrO)-M—C,H,-1-Bu-
2-[(CMeEt),—O0]—, ("Bu0)-M—C,H,-1-Bu-2-[(CMeEt)
—O]—, (‘BuO)-M—C,H;-1-Bu-2-[(CMeEt),—O]—,
(‘BuO)-M—C,H,-1-'Bu-2-[(CMeEt),—O]—, and (*BuO)-
M—C,H;-1"Bu-2-[(CMeEt),—O]—, wherein M is Ti, Zr
or Hf bonded in an m® bonding mode to the Cp group;
carbons other than those in the Cp group may be replaced
with Si, B or P.

[0172] Preferred Ti precursors include L,-Ti—CH,-
(CH,—CH,—0)—, L,-Ti—CsH;-1-Me-3-[(CH,—CH,—
O)—, and L,-Ti—CH,-1-Pr-3-[(CH,—CH,—O)—, cor-
responding to the following structure formula, respectively:

%)

1—O L_TI_O L_Tl_

L

wherein each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
[-diketonate or keto-iminate, wherein R'isa Hora C,-C,
hydrocarbon group or an adjacent pair of R's forms a
hydrocarbyl ring. More specifically, exemplary Ti precur-
sors include but are not limited to (NH,),-Ti—CsH,-[(CH,)
+—O}—, (NMe,),-Ti—C5H, [ (CH,),—Ol—, (NEt,),-Ti—
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CsH4-[(CH,),—O0)— (N"Pry),-Ti—
(NPr )~ Ti—CsH,-[(CH,),—O]—,
[(CH,),—O]—, (NiBuz)z -Ti—
(N°Bu,),-Ti—C,sH,-[(CH,),—O]—,
[(CH,),—O}]— (©NH Me),-Ti—C;H,-[(CH,),—O0]—
(NHEY),-Ti—CH,-[(CH,),—0O]—, (NH"Pr),-Ti—CH,-
[(CH,),—O]—, (NH'Pr),-Ti—CsH,-[(CH,),—O0]—,
(NH"Bu),-Ti—CsH,-[(CH,),—O]—, (NH'Bu),-Ti—CsH,-
[(CH,),—O]—, (NH’Bu),-Ti—CsH,-[(CH,),—O]—,
(NHBu,-Ti—C,H,-[(CH,),—O]—, (NMeEt),-Ti—CsH,-
[(CH,),—O]—, (NMe"Pr),-Ti—C,H,-[(CH,),—O0]—,
(NMe'Pr),-Ti—CsH,-[(CH,),—O]—, (NMe"Bu),-Ti—
CsH,-[(CH,),—O]— (NMeiBu)z'Ti4Cs H,- [(CH,),—
O]—, (NMe’Bu),-Ti—CsH,-[(CH,),—O0]—, (NMeBu),-
Ti—C3H,{(CH,),—O]—, (NE¢'Pr),-Ti—C3H,-[(CH,),—

CsH,-[(CH,),—O0]—,
(N"Bu,),-Ti—CsH,-
CsH,-[(CH,),—O0]—,
(N"Bu,),-Ti-CsH,-

Ol—, (NEPr),-Ti—CsH,-[(CH,),—O]—, (NE{'Bu),-
Ti—CsH,- [(CH,),—O]—, (NEtBu),-Ti—CsH,-[(CH,)
,—O0]—, (NE¢Bu),-Ti—C.H,-[(CH,),—O]—, (NEt'Bu),-

Ti—C,H,-[(CH,),—O]—, (N"Pr'Pr),-Ti—CsH,-[(CH,)
»—0]—, N"Pr"Bu),-Ti—C,H,-[(CH,),—O]—, (N"PBu)
+TiCyH,{(CH,), O} —, (N"PFBu),-Ti—C,H,{(CH,)
»—O]—, (N"PrBu),-Ti—CH,-[(CH,),—O]—, (N'Pr"Bu)
5-Ti—C5H,-[(CH,),—O]—, (N'PrBu),-Ti—CsH,-[(CH,)
»—O]—, (N'Pr’ Bu)z-Ti—C5H4-[(CH2)2—O]—, (N'PrBu)
5-Ti—C,H,-[(CH,),—O0]—, N"Bu'Bu),-Ti—C,H,-[(CH,)
—O — (N"BuSBu)2 Ti—C,H, [(CHz)z—O]
(N"Bu’Bu)2 Ti-C;H,-[(CH,),—O]—, (N'Bu’Bu),- Tl—
CsH,-[(CHO, —O] 3 (N'Bu'Bu),-Ti—CH,-[(CH,),—
O]—, (N"Bu'Bu),-Ti—CsH,-[(CH,),—O]—, (NH,)(Cp)-
Ti—CsH,-[(CH,),—O0]—,  (NMe,)(Cp)-Ti-C5H,-[(CH,)
»—O]—  (NEt;)(Cp)-Ti—CsH,-[(CH,),—O—, (N"Pr,)
(Cp)-Ti—C,H,-[(CH,),—O]—,  (N"Pr,)(Cp)-Ti—CsH,-
[(CH,),—O]—, (N"Bu,)(Cp)-Ti—C,H,-[(CH,),—O0]—,
(NiBuz)(Cp)-Ti-C5H4-[(CH2)2—O]—, (N"Bu,)(Cp)-Ti—
CsH,-[(CH,),—O}—,  (N'Bu,)(Cp)-Ti—CsH,-[(CH,),—
O]— (NHMe)(Cp)-Ti—CsH,-[(CH,),—O]—, (NHEY)
(Cp)-Ti—C,H,-[(CH,),—O]—, (NH"Pr)(Cp)-Ti—CsH,-
[(CH,),—O]—, (NHPr)(Cp)-Ti—C;H,-[(CH,),—O0]—,
(NH"Bu)(Cp)-Ti—CsH,-[(CH,),—O]—  (NH'Bu)(Cp)-
Ti—C5H,-[(CH,),—O]—, (NH’Bu)(Cp)-Ti—C,H,-[(CH,)
—0l—, (NHBu)(Cp)-Ti—CsH,-[(CH,),—O0]—,
(NMeEt)(Cp)-Ti—CH,-[(CH,),—O]—, (NMe"Pr)(Cp)-
Ti—CH,-[(CH,),—O]—, (NMe'Pr)(Cp)-Ti—CsH,-
[(CH,),—O]—, (NMe"Bu)(Cp)-Ti—C,H,-[(CH,),—O]—,
(NMe'Bu)(Cp)-Ti—CsH,-[(CH,),—O]—, (NMe*Bu)(Cp)-
Ti—C,H,-[(CH,),—O]—, (NMeBu)(Cp)-Ti—CH,-
[(CH,),—O]—, (NEt'Pr)(Cp)-Ti—CsH,-[(CH,),—O]—,
(NEt'Pr)(Cp)-Ti—CsH,-[(CH,),—O]—, (NEt"Bu)(Cp)-
Ti—CsH,-[(CH,),—O}—, (NEtBu)(Cp)-Ti—CsH,-[(CH,)
,—O0]—, (NEtBu)(Cp)-Ti—CH,-[(CH,),—O]—, (NEt-
Bu)(Cp)-Ti—C,H,-[(CH,),—O]—  (N"PrPr)(Cp)-Ti—
CsH,-[(CH,),—O]—,  (N"Pr"Bu)(Cp)-Ti—CsH,-[(CH,)
—O] X (N"PYBu)(Cp)-Ti—CH, [(CHz)z—O]
(N"Pr'Bu)(Cp)-Ti—CsH,, [(CHz)z—O]— (N"PrtBu)(Cp)
Ti—CsH, [(CHz)z—O]— (N'Pr"Bu)(Cp)-Ti—CsH,-
[(CH2)24]*5 (NP Bu)(Cp)-Ti—C5H4-[(CH2)24)]—,
(N'Pr'Bu)(Cp)-Ti—CsH,-[(CH,),—O]—, (N'PrBu)(Cp)-
Ti—C,H,-[(CH,),—O]—, (N"Bu'Bu)(Cp)-Ti—C;H,-
[(CH,),—O]—, (N"Bu’Bu)(Cp)-Ti—CsH,-[(CH, ) ,—
O]—, (N"Bu'Bu)(Cp)-Ti—CsH,-[(CH,),—O]—,
(N'Bu*Bu)(Cp)-Ti—CsH,-[(CH,),—O]—, (N'Bu'Bu)(Cp)-
Ti—CH,-[(CH,),—O]—, (N°*BuBu)(Cp)-Ti—CsH,-
[(CH,),—O]—, (OH)-Ti-CsH,-[(CH,),—O]—, (OMe)-
Ti—CsH,-[(CH,),—O]—, (OEt)-Ti—CsH,-[(CH,),—
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O]—, (C"Pr)-Ti—CsH,-[(CH,),—0O]—, (O'Pr)-Ti—CsH,-
[(CH,),—O]—, (O"Bu)-Ti—CsH,-[(CH,),—O0]—,
(O'Bw)-Ti—CsH,-[(CH,),—O]—, (O°Bu)-Ti—CH,-
[(CH,),—Ol—, (OBw)-Ti—C,H,-[(CH,),—O0]—, (NH,)
»-T1—CH;-1-Me-3-[(CH,),—O]—, (NMe,),-Ti—CH;-
1-Me-3-[(CH,),—O]—, (NEt,),-Ti—CsH;-1-Me-3-[(CH,)
—O]—, (N"Pr,),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N'Pr,),-Ti—CsH;-1-Me-3-[(CH,),—O0]—, (N"Bu,),-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu,),-Ti-CsH;-1-Me-3-
[(CH,),—O]—,  (N°Bu,),-Ti—C,H,-1-Me-3-[(CH,),—
O]—, (NBu,),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NHMe),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NHE),-
Ti—C,H;-1-Me-3-[(CH,),—O]—, (NH"Pr),-Ti—CH;-1-
Me-3-[(CH,),—O]—, (NHPr),-Ti—CsH;-1-Me-3-[(CH.,)
»—O]—, (NH”Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NH'Bu),-Ti—CsH;-1- Me-3-[(CH,),—O0]—, (NH*Bu),-
Ti—CsH;-1-Me-3-[(CH,),—O0]—, (NHBu),-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (NMeEt),-Ti—CH;-1-Me-3-[(CH,)
—O]—,  (NMe"Pr),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NMe'Pr),-Ti—C;H;-1-Me-3-[(CH,),—O]—, (NMe"Bu),-
Ti—CsH;-1-Me-3-[(CH,),—O0]—, (NMe'Bu),-Ti—C;H,-
1-Me-3-[(CH,),—O]—,  (NMe’Bu),-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (NMe'Bu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NEt"Pr),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NEt'Pr),-Ti—C H,;-1-Me-3-[(CH,),—O]—, (NEt"Bu),-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEt'Bu),-Ti—CsH,-1-
Me-3-[(CH,),—O]—, (NEt'Bu),-Ti—CH;-1-Me-3-
[(CH,),—O]—, (NEt'Bu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (N"Pr'Pr),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N"PY"Bu),-Ti—C,H;-1-Me-3-[(CH,),—O]—, (N"PrBu)
»-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr'Bu),-Ti—
C;H;-1-Me-3-[(CH,),—O0]—,  (N"Pr'Bu),-Ti—C,H,-1-
Me-3-[(CH,),—O]—, (N'Pr"Bu),-Ti—CsH;-1-Me-3-
[(CH,),—O}—, (NPrBu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (N'Pr*Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N’Pr'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N"Bu'Bu),-
Ti—C,H;-1-Me-3-[(CH,),—O]—, (N"Bu’Bu),-Ti—C H;-
1-Me-3-[(CHO,—O]—, (N"BAU),-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (N'Bu*Bu),-Ti—C,H;-1-Me-3-[(CH,),—
O]—, (N'Bu’Bu),-Ti—C;sH;-1-Me-3-[(CH,),—O]—,
(N"BuBu),-Ti—C;sH;-1-Me-3-[(CH,),—O]—, (NH,)(Cp)-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (NMe,)(Cp)-Ti—CsH;-
1-Me-3-[(CH,),—O]—,  (NEt,)(Cp)-Ti—CsH;-1-Me-3-
[(CH,),— O], (N"Pr,)(Cp)-Ti— CyH,-1-Me-3{(CH,), -
O (NPr)(Cp)-Ti—CoH,-1-Me3-{(CH,),—Of
(N"Bu,)(Cp)-Ti—CyH,-1-Me-3-[(CH,), O], (N"Bu,)
(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N°Bu,)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O0]—, (NBu,)(Cp)-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (NHMe)(Cp)-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (NHEt)(Cp)-Ti—CsH,-1-Me3-{(CH,),
O]—, (NH"Pr)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NH’Pr)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O0]—, (NH"Bu)
(Cp)-Ti—C,H,;-1-Me-3-[(CH,),—O]—, (NH'Bu)(CO-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (NH*Bu)(Cp)-Ti—CsH;-1-
Me-3-[(CH,),—O]—,  (NHBu)(Cp)-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (NMeEt)(Cp)-Ti—CsH;-1-Me-3-[(CH,)
—O]—, (NMe"Pr)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NMe™Pr)(Cp)-Ti-CsH,-1-Me-3-[(CH,),—O]—,
(NMe”"Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,

(NMe'Bu)(Cp)-Ti—C,H,-1-Me-3-[(CH,),—O]—,

(NMe’Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,

(NMe'Bu)(Cp)-Ti—CsH,-1-Me-3-[(CH,),—O]—, (NEt-
"Pr)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEtPr)(Cp)-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEt"Bu)(Cp)-Ti—
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CsH;-1-Me-3-[(CH,),—O]—,
Me-3-[(CH,),—O]—,  (NEtBu)(Cp)-Ti—CH;-1-Me-3-
[(CH,),—O0]—, (NEtBu)(CO-Ti—CsH;-1-Me-3-[(CH,)
»—O0]—, (N"Pr'Pr)(Cp)-Ti-CsH;-1-Me-3-[(CH,),—O]—,
(N"Pr"Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]
(N"Pr'Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N"PrBu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N"Pr'Bu)(Cp)-Ti—C;sH;-1-Me-3-[(CH,),—O]—, (N"
Pr"Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NPrBu)
(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O] (N'Pr°'Bu)(Cp)-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (N'Pr'Bu)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)-Ti-CsH,-1-
Me-3-[(CH,),—O]—, (N"Bu’Bu)(Cp)-Ti—C;H;-1-Me-3-
[(CH,),—O0]—, (N"BuBu)(Cp)-Ti—CsH,;-1-Me-3-[(CH,)
»—O0]—, (N'Bu’Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—
O]—,  (N'BuBu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N°Bu’Bu)(Cp)-Ti—C;sH;-1-Me-3-[(CH,),—O]—, (OH)-
Ti—C,H;-1-Me-3-[(CH,),—O]—,  (OMe)-Ti—C,H;-1-
Me-3-[(CH,),—O]—, (OEt)-Ti—CsH;-1-Me-3[(CH,,—
O]—, (0O"Pp)-Ti—C H,-1-Me-3-[(CH,),—O]—, (OPr)-
Ti—CsH;-1-Me-3-[(CH,),—O]—,  (O”"Bu)-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (O'Bu)-Ti-CsH;-1-Me-3-[(CH,),—
0O]—, (O°Bu)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (OBu)-
Ti—CsH,;-1-Me-3-[(CH,),—O] (NH,),-Ti—CsH;-1-
Pr-3-[(CH,),—O0]—, (NMe,),-Ti—CsH,-1-"Pr-3-[(CH,)
~—Ol—  (NBt), Ti—CaH,-1-Pr3-{(CH,), O],
(N"Pt,),-Ti—CsH,;-1-"Pr-3-[(0O-1,),—O]—, (N'Pr,),-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (N"Bu,),-Ti—CsH;-1-Pr-3-
[(CH,),—O]—, (N'Bu,),-Ti—CsH;-1-"Pr-3-[(CH,),—
0O]—, (N°Bu,),-Ti—CH,-1-Pr-3-[(CH,),—O]—, (N‘Bu,)
2 Ti—CsH;-1 -'Pr-3-[(CH,),—O]—, (NHMe),-Ti—CsH,-
1-'Pr-3-[(CH,),—O]—, (NHEt),-Ti—C,H,-1-'Pr-3-[(CH,)
»—O0]—, (NH"Pr),-Ti—CsH;-1-Pr-3- [(CH,),—O]—,
(NH'Pr),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NH"Bu),-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NHBu),-Ti—CsH,-1-
Pr-3- [(CH,),—O]—, (NH*Bu),-Ti—CsH;-1-"Pr-3-[(CH,)
+—0]—, (NH Bu),-Ti—CH,-1-'Pr-3-[(CH,),—O]—,
(NMeEt),-Ti—CsH;-1-Pr-3-[(CH,),—0]—, (NMe”Pr),-
Ti—C,H;-1-"Pr-3-[(CH,),—O]—, (NMe'Pr),-Ti—C,H,-1-
Pr-3-[(CH,),—O]—, (NMe"Bu),-Ti—CsH;-1-Pr-3-
[(CH,),—O}—, (NMe'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—
O]—, (NMe’Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NMe'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NEt"Pr),-
Ti—C,H;-1-"Pr-3-[(CH,),—O]—, (NEt'Pr),-Ti—C,H,-1-
Pr-3-[(CH,),—O]—, (NEt"Bu),- Ti—CsH;-1-"Pr-3-[(CH,)
—, (NEt Bu)2 -Ti—C,H,-1-"Pr-3- [(CHz)z—O]
(NEtSBu)2 Ti—C5H,;-1-"Pr-3- [(CHz)z—O]— (NEttBu)2
Ti—CsH;-1-Pr-3- [(CHz)z—O]— (N"Pr'Pr),-Ti—CsH;-1-
iPr-3-[(CH2)2—O]—, (N"PY"Bu),-Ti—CsH;-1-"Pr-3-
[(CH,),—O}—, (N'Pr'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—
O]—, (N"Pr*Bu),-Ti—CsH,-1-"Pr-3-[(CH,),—O]—,
(N"Pr'Bu),-Ti—C5H;-1-"Pr-3-[(CH,),—O]—, (N"Pr"Bu),-
Ti—C,H;-1-"Pr-3-[(CH,),—O0]—, (N"PrBu),-Ti—C,H,-
1-'Pr-3-[(CH,),—O]—, (N"Pr’Bu),-Ti—CsH;-1-Pr-3-
[(CH,),—O}—, (N'Pr'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—
O]—, (N"Bu'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N"-
Bu’Bu),-Ti—CsH;-1-Pr-3-[(CH,),—0]—, (N"Bu'Bu),-
Ti—C,H;-1-"Pr-3-[(CH,),—O0]—, (N'Bu’Bu),-Ti—C,H,-
1-'Pr-3-[(CH,),—O]—, (N'Bu’Bu),-Ti—CsH;-1-Pr-3-
[(CH,),—O]—, (N*BuBu),-Ti—CsH,;-1-Pr-3-[(CH,),—
O (NH,)Cp)-Ti—CsH,-1-Pr-3-{(CH,), O],
(NMe,)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O] —, (NEt,)
(Cp)-Ti—CyH,-17Pr-3-[(CH,),—O] —, (N"Pr,)(Cp)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (NPr,)(Cp)- Ti—CsH;-1-

(NE{Bu)(Cp)-Ti—CsH,-1-
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Pr-3-[(CH,),—O]—, (N"Bu,)(Cp)-Ti—CsH;-1-Pr-3-
[(CH,),—Ol—, (N'Bu,)(Cp)-Ti—C;sH;-1-Pr-3-[(CH,),—
O  (N‘Bu,)(Cp)-Ti—CsH,-1Pr-3-{(CH,), O},
(N“Bu,,)(Cp)-Ti—C H,-1-"Pr-3-[(CH,),—O]—, (NH Me)
(Cp)-Ti—CyH, 19Pr3{(CH,),— O] —,  (NHE{)Cp)-
Ti—C,H;-1-Pr-3-[(CH,),—O]—, (NH"Pr)(Cp)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (NHPr)(Cp)-Ti—CsH,-1-
Pr-3-[(CH,),—O]—, (NH"Bu)(Cp)-Ti—CsH;-1-"Pr-3-
[(CH,),—O}—, (NEFBu)(Cp)-Ti—C;H,-1-Pr-3-[(CH,), —
O]—, (NH*Bu)(Cp)-Ti—CsH,-1-"Pr-3-[(CH,),—O]—,
(NHBu)(Cp)-Ti—C;H;-1-"Pr-3-[(CH,),—O]—, (N MeEt)
(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (NMe"Pr)(Cp)-
Ti—C,Hy-  1-Pr-3-[(CH,),—O0]— (NMe'Pr)(Cp)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (NMe"Bu)(Cp)-Ti—CsH;-1-
Pr-3-[(CH,),—O]—, (NMe'Bu)(Cp)-Ti-CsH;-1-Pr-3-
[(CH,),—O]—, (NMe*Bu)(Cp)-Ti—C;H,-1-Pr-3-[(CH,)
—O]—, (NMe'Bu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—
O]—, (N Et"Pr)(Cp)-Ti—C,H;-1-"Pr-3-[(CH,),—O]—, (N
Et’Pr)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NEt"Bu)
(Cp)-Ti—C5sH;-1-Pr-3-[(CH,),—O]—, (NEt'Bu)(Cp)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (NEt’Bu)(Cp)-Ti—CsH,-1-
'Pr-3-[(CH,),—O] (NEt'Bu)(Cp)-Ti—CsH;-1-Pr-3-
[(CH,),— O} —, (N"PPr)(Cp)-Ti—C,H,-1-Pr-3-[(CH,),
O]—, (N"P¢"Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(N"PYBu)(Cp)-Ti-CsH,-1-"Pr-3-[(CH,),—O]—, (N"Pr'Bu)
(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—,  (N"Pr'Bu)(Cp)-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N'PY"Bu)(Cp)-Ti—
CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr'Bu)(Cp)-Ti—CsH;-1-
Pr-3-[(CH,),—O]—,  (N'PFBu)(Cp)-Ti—CsH;-1-Pr-3-

[(CH,),—O] (N'Pr'Bu)(Cp)-Ti—CH,-1-Pr-3-[(CH,)
,—O]— (N"Bu’Bu)(Cp)-Ti—CsH,-1-Pr-3-[(CH,),—
Ol  (N"BuBu)(Cp)-TiC,H,-1-Pr-3- -[(CH,),—O]—,

(N"Bu’Bu)(Cp)-Ti-CsH,-1 lPr-3 [(CH2)24)]— (N

Bu*Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (N'Bu'Bu)
(Cp)-Ti—CsH;-1 -iPr-3 -[(CH,),—O0]—,  (N°BuBu)(Cp)-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (OH)-Ti—CsH;-1-Pr-3-
[(CH,),—O]—, (OMe)-Ti—C,H,-1-Pr-3-[(CH,),—O]—,
(OEt)-Ti-C5H;-1-Pr-3-[(CH,),—O}—, (O"Pr)-Ti—C;H;-
1-Pr-3-[(CH,),—O],  (OPr)-Ti—CsH,-1-Pr-3-[(CH,—
O]—, (O"Bu)-Ti—CsH;-1-"Pr-3-[(CH,), —O], (O'Bu)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (O°Bu)-Ti—CsH;-1-Pr-3-
[(CH,),—O]—, and (O'Bu)-Ti—CsH;-1-Pr-3-[(CH,),—

O]—.

[0173] Preferred Zr precursors include L,—Zr—CH,-
(CH,—CH,—0)—, L,—Zr—CH,-1-Me-3-[(CH,—
CH,—O0)—, and L,—7Zr—CH,-1-Pr-3-[(CH,—CH,—

O)—, corresponding to the following structure formula,
respectively:

0.

L—Z

[0174] wherein each L is independently a -1 anionic ligand
selected from the group consisting of NR',, OR', Cp, amidi-
nate, f-diketonate or keto-iminate, wherein R' is a H or a
C,—C, hydrocarbon group or an adjacent pair of R's forms
a hydrocarbyl ring. More specifically, exemplary Zr—con-
taining precursors include but are not limited to (NH,),—
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Zr—CsH,-[(CH,),—O]—  (NMe,),—Zr—C,H,-[(CH,)
»—O]— (NEt,),—Zr—CsH,-[(CH,),—O]—, (N"Pr,),—
Zr—C,sH,-[(CH,),—O]—, (NiPrz)zfzrfcst[(CHz)zf
Ol— (N"Bu,),—Zr—CsH,-[(CH,,—O]—, (NiBuz)zf
Zr—CsH,-[(CH,),—0]—,  (N°Bu,),—Zr—CH,-[(CH,)
»—O0]—, (N'Buy),—Zr—CsH,-[(CH,),—O]—, (NHMe)
»—2r—CsH,-[(CH,),—O]—,

[(CH,),—O]—,

(NHEt),—Zr—C.H,-
(NH"Pr),—Zr—CsH,-[(CH,),—O]—,

(NH'Pr),—Zr—CsH,-[(CH,),—O]—,

CS H4' [(CHz)zfo]fs

(NH"Bu),—Zr—

(NH'Bu),—Zr—CsH,-[(CH,),—

O (NHBu),—Zr—C.I-1, [(CH,), O}, (NH'Bu)
»—2Zr—CsH,-[(CH,),—O0]—, (NMeEt),—Zr—CsH,-
[(CH,),—Ol—  (NMe"Pr),—Zr—C,H,{(CH,),—O]—.
(NMe'Pr),—Zr—CsH,-[(CH,),—O]—, (NMe"Bu),—Zr—
CsHy-[(CHy),—O0]—,  (NMe'Bu),—Zr—CH,-[(CH, ),—
O]— (NMe'Bu),—Zr—CsH,-[(CH,),—O]—, (NMeBu)
»—2Zr—CsH,-[(CH,),—O0]—, (NEU"Pr),—Zr—C,H,-
[(CH,),—Ol—  (NEtPr),—Zr—C,H,{(CH,),—O]—
(NEt"Bu),—Zr—CsH,-[(CH,),—O]—, (NECI3u),—Zr—
CsH,-[(CH,),—O]—,  (NEtBu),—Zr—CH,-[(CH,),—
O]—, (NEt'Bu),—Zr—CH,-[(CH,),—O]—, (N"Pr'Pr),—
Zr—C,H,-[(CH,),—O]—, (N"Pr'Bu),—Zr—CsH,-[(CH,)

>—0]—, (N"Pr'13u),—Zr—CsH,-[(CH,),—O]—,
(N"Pr’Bu),—Zr—CsH,-[(CH,),—O]—, (N"Pr'Bu),—
Zr—C,;H,-[(CH,),—O]— (' Pr'Bu),—Zr—C,H, -[(CH,)

,—O0]— (N'Pr Bu)z—Zr—C H, [(CHz)z—O] (N'-
Pr’Bu),—Zr—CH, [(CHz)z—O]— (N PrtBu)z—Zr—
C5H4'[(CH2)2*O]*5 (N"Bui13u)2—Zr—C5H4-[(CHz)z—
O]—, N"Buv’*Bu),—Zr—CsH,-[(CH,),—O0]—, (N"Bu’Bu)
—Zr—CH,-[(CH,),—O]—, (N'Bv’Bu),—Zr—C,H,-
[(CH,),—O]—, (NiButBu)z—Zr—C5H4-[(CHz)z—O]—,
(N"BuBu),—Zr—CsH,-[(CH,),—O]—, (NH,)(Cp)—
Zr—C,sH,-[(CH,),—O]—, (NMe, )(Cp)—Zr—CsH,-
[(CH,),—O]—, (NEt,)(Cp)—Zr—C,H,-[(CH,),—O]—,
(N"Pr,)(Cp)—Zr—CsH,-[(CH,),—O)— (NiPrz)(Cp)—
Zr—C,sH,-[(CH,),—O]—, (N"Bu, )(Cp)—Zr—C;sH,-
[(CH,),—O]—, (NiBuz)(Cp)—Zr—C5H4-[(CH2)2—O]—,
(N"Bu,)(Cp)—Zr—CsH,-[(CH,),—O]—, (N'Bu,)(Cp)—
Zr—C,H,-[(CH,),—O]—, (NHMe)(Cp)—Zr—C H,-
[(CH,),—O]—, (NHEt)(Cp)—Zr—C,H,-[(CH,),—O]—,
(NH"Pr)(Cp)—Zr—CH,-[(CH,),—O]—, (NHPr)(Cp)—
Zr—CsH,-[(CH,),—O]—, (NH”Bu)(Cp)—Zr—CH,-
[(CH,),—O]—, (N1-1 iBu)(Cp)—Zr—C5H4-[(CHz)z—
O]—, (NHBu)(Cp)—Zr—C;H,-[(CH,),—O]—, (NHBu)
(Cp)—Zr—CsH,-[(CH,),—O]—, (NMeEY)(Cp)—7Zr—
C;H,-[(CH,),—O]—, (NMe"PWCW—Zr—C,H,-[(CH,)
—, (NMe Pr)(Cp)—Zr—CsH, [(CHz)z—O]

(NMe"Bu)(Cp) —7Zr—CsH, [(CHz)z—O] (NMe' Bu)
(Cp)—Zr—CsH, [(CHz)z—O]— (NMeSBu)(Cp)—Zr—
C5H4'[(CH2)2*O]*5 (NMeBu)(Cp)—Zr—CsH,-[(CH,)
—0]—, (NEt"Pr)(Cp)—Zr—C,H,-[(CH,),—O]—,
(NEt'Pr)(Cp)—Zr—CsH,-[(CH,),—O]—, (NEt"Bu)(Cp)—
Zr—C,H,-[(CH,),—O]—, (NEt'Bu)(Cp)—Zr—C,H,-
[(CH,),—O]—, (NEtBu)(Cp)—Zr—CsH,-[(CH,),—
O]—, (NEt'Bu)(Cp)—Zr—CsH,-[(CH,),—O]—, (N"Pr'Pr)
(Cp)—Zr—CsH,[(CH,),—O]—,  (N"Pr"Bu)(Cp)—Zr—
CsH,-[(CH,),—O]—, (N"Pr'13u)(Cp)—Zr—CsH,-[(CH,)
—0l—, (N"PrBu)(Cp)—Zr—CsH,-[(CH,),—O]—,
(N"Pr'Bu)(Cp)—Zr—CsH,-[(CH,),—O]—, (N'Pr"Bu)
(Cp)—Zr—C5H4-[(CH2)2—O]—, (N"PrBu)(Cp)—Zr—
C,H,-[(CH,),—O0]—, NPr'Bu)(Cp)—Zr—CsH,-[(CH,)
,—O0]—, N PrtBu)(Cp) Zr—CsH, [(CHz)z—O]

(N"Bul3u)(Cp)—2Zr—CsH, [(CHz)z—O]— (N"BuSBu)
(Cp)—Zr—CsH, [(CHz)z—O]— (N"Bu'Bu)(Cp)—Zr—
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C5H4'[(CH2)240_] —, (N"Bu'Bu)(Cp)—Zr—CsH,-[(CH,)
>0} —, (N'BuBu)(Cp)—Zr—C5H,-[(CH,),—O}—,
(N°Bu’Bu)(Cp)—Zr—CH,-[(CH,),—O]—, (OH)—Zr—
CsH4[(CH,),—O]—,  (OMe)—Zr—CsH,-[(CH?y* '
Ety—Zr—C,H,-[(CH,),—O]—, (O"Pr)—Zr—C,H,-
[(CH),—O]—  (O'Pry—Zr—CsH,[(CH,),—O]—,
(O"Bu)—Z2r—CsH,-[(CH,),—O]-; (O'Bu)—Zr—CsH,-
[(CH,),—Ol—, (O°Bu)—7Zr—CsH,-[(CH,),—O}—,
(O'Bu)—Zr—CsH,-[(CH,),—O0]—, (NH,),—Zr—CsH;-
1-Me-3-[(CH,),—O]—, (NMe,),—Zr—CH;-1-Me-3-
[(CHy)>—O0l—  (NEt),—Zr—CsH;-1-Me-3-[(CH,),—
Ol—, (N"Pr;),—Zr—CsH;-1-Me-3-[(CH,),—O}—,
(N'Pr,),—Zr—C,H;-1-Me-3-[(CH,),—O}]—, (N"Bu,),—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'Bu,),—Zr—CsH,-
1-Me-3-[(CH,),—O]—, (N°Bu,),—Zr—CsH;-1-Me-3-
[(CH,)>—Ol—, (N'Bu,),—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NHMe),—Zr—CsH,;-1-Me-3-[(CH,),—O]—,
(NHEt),—Zr—CH;-1-Me-3-[(CH,),—O]—, (NH"Pr),—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (NHPr),—Zr—CsH,-
1-Me-3-[(CH,),—O]—, (NH"Bu),—Zr—CH,-1-Me-3-
[(CH,),—O]—, (NHBu),—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NH*Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NH‘Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NMeEt)
»—2Zr—CsH;-1-Me-3-[(CH,),—O]—, (NMe"Pr),—Zr—
C,H;-1-Me-3-[(CH,),—O0]—, (NMe'Pr),—Zr—CsH,-1-
Me-3-[(CH,),—O]—,  (NMe"Bu),—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (NMéeBu),—Zr—CsH,-1-Me-3-[(CH,)
»—O]—, (NMe’Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NMeBu),—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NEt"Pr)
y—2r—CH,;-1-Me-3-[(CH,),—O]—,  (NEt'Pr),—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (NEt"Bu),—Zr—C,H;-1-
Me-3-[(CH,),—O]—, (NEt'Bu),—Zr—CH;-1-Me-3-
[(CH,),—O]—, (NEt'Bu),—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NEt'Bu),—Zr—CsH,-1-Me-3-[(CH,),—O]—,
(N"PrPr),—Zr—CsH,-1-Me-3-[(CH,),—O]—, (N"Pr"Bu)
»—Zr—CsH;-1-Me-3-[(CH,,),—O]—, (N"PrBu),—Zr—
C,H;-1-Me-3-[(CH,),—O]—, N"Pr'Bu),—Zr—CH;-1-
Me-3-[(CH,),—O]—, (N"PYBu),—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (N'Pr"Bu),—Zr—CsH,-1-Me-3-[(CH,)
»—O0]—, (N'Pr'Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(N’Pr*Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'PrBu)
»—2r—CsH;-1-Me-3-[(CH,),—O0]—, (N"Bu'Bu),—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu’Bu),—Zr—CsH;-1-
Me-3-[(CH,),—O]—, (N"Bu),—Zr—C,H;-1-Me-3-
[(CH,),—O]—, (N'Bu'Bu),—Zr—CsH,-1-Me-3-[(CH,)
»—O0]—, (N'BuBu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(N°BuBu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,  (NI,)
(Cp)—Zr—C,H,-1-Me3-[(CH,), O}, (NMe,)(Cp)—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (NEt,)(Cp)—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N"Pr,)(Cp)—Zr—C,H;-1-
Me-3-[(CH,),—O]—,  (N'Pr,)(Cp)—Zr—CH;-1-Me-3-
[(CH,),—O]—, (N"Bu,)(Cp)—Zr—CsH,-1-Me-3-[(CH,)
—O0]—, (N'Bu,)(Cp)—Zr—C,H;-1-Me-3-[(CH,),—
Ol  (NBu,)(Cp)—Zr—CH,-1-Me3-{(CH,),—Of—,
(N"Bu,)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NHMe)
(Cp)—Zr—CH,-1-Me3-[(CH,),—Of — (NHEt)(Cp)—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (NH"Pr)(Cp)—Zr—
C,H,;-1-Me-3-[(CH,),—O]—, (NH'Pr)(Cp)—Zr—C5H,-1-
Me-3-[(CH,),—O]—, (NH"Bu)(Cp)—Zr—CsH;-1-Me-3-
[(CH,),—O} —, (NHBu)(Cp)—Zr—C5H,-1-Me-3-{[(CH,)
—O]—, (NH*Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NHBu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NMeEt)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NMe"Pr)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
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(NMe’Pr)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NMe"Bu)(CO—Zr—CsH,-1-Me-3-[(CH,),—O]—,
(NMe'Bu)(Cp)—Zr—CsH,-1-Me-3-[(CH,),—O]—,
(NMe*Bu)(Cp)—Zr—C,H;-1-Me-3-[(CH,),—O]—,
(NMe'Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NEt-
"Pr)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NaPr)
(Cp)—Zr—C.H;-1-Me-3-[(CH,),—O]—, (NEt"Bu)(Cp)—
Zr—C,H;-1-Me-3-[(CH,),—O]—, (NEtBu)(Cp)—Zr—
C;H;-1-Me-3-[(CH,),—0O]—, (NEt'Bu)(Cp)—Zr—CsH;-
1-Me-3-[(CH,),—O]—, NEt'Bu)(CO—Zr—CsH;-1-Me-
3-[(CH,),—O0]—, (N"Pr'Pr)(Cp)—Zr—CsH,-1-Me-3-

[(CH,),—O]—, (N"Pr"Bu)(Cp)—Zr—C H,-1-Me-3-
[(CH,),—O]—, (N"PrBu)(Cp)—Zr—CsH,-1-Me-3-
[(CH,),—O]—, (N"PrBu)(CO—Zr—C.H,-1-Me-3-
[(CH,),—O]—, (N"PrBu)(Cp)—Zr—CsH,-1-Me-3-
[(CH,),—O}—, (N'Pr"Bu)(Cp)—Zr—C H,-1-Me-3-

[(CH,),—O]—, (N'P¥Bu)(CO—Zr—C5H,-1-Me-3-[(CH,)
01—,  (NPrBu)(Cp)—Zr—CsH,-1-Me-3-[(CH,),—
Ol—, (N'PFBu)(CO—Zr—CsH,-1-Me-3-[(CH,),— O],
(N"Bu'Bu)(Cp)—Zr—C4H,- 1-Me-3-[(CH,),—O]—, (N
Bu'Bu)(Cp)—Zr—CsH,-1-Me-3-[(CH,),— O] —, (N

Bu’Bu)(Cp)—Zr—C.H;-1-Me-3-[(CH,), O] (N
BuBu)(Cp)—Zr—C4H,-1-Me-3-[(CH, ), O],

(N'BuBu)(Cp)—Zr—C H;-1-Me-3-[(CH,),— O] —, (N
BuBu)(Cp)— Zt—CsH,-1-Me-3-[(CH,),—O]—, (OH)—

Zr—CsH;-1-Me-3-[(CH,),—O]—, (OMe)—Zr—CsH;-1-
Me-3-[(CH,),—O]—, (OEt)—Zr—CsH;-1-Me-3-[(CH,)
—O]— (O"Pr)—Zr—C,H;-1- Me 3 -[(CH,),—O]—,
(O'Pr)—Zr—CsH;-1-Me-3- [(CHz)Z—O]— (O"Bu)—Zr—
CsH;-1-Me-3- [(CHz)z—O]—, (O'Bu)—Zr—CsH;-1-Me-
3 -[(CHz)z—O]—, (O°Bu)—Zr—CH;-1-Me-3 -[(CHz)z—
Ol (OBu)—Zr—C,H,-1-Me-3-[(CIL),— O}, (NIL,)
—2Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe,),—Zr—
C;H;-1-"Pr-3-[(CH,),—O}—, (NEt,),—Zr—CsH;-1-"Pr-3-
[(CHy),—O0l]—,  (N"Prp),—Zr—CsH;-1-Pr-3-[(CH,),—
O]—, (N'Pr,),—Zr—C,H,-1-"Pr-3-[(CH,),—O]—,
(N"Bu,),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Bu,),—
Zr—C.H;-1-Pr-3-[(CH,),—O}—, (N°Bu,),—Zr—C,H,-
1-'Pr-3-[(CH,),—O]—, (NBu,),—2Zr—CsH;-1-Pr-3-
[(CH,),—Ol—, (NHMe),—Zr—CsH,-1-"Pr-3-[(CH,),—
O]—, (NHE®),—Zr—C,H;-1-"Pr-3-[(CH,),—O]—,
(NH"Pr),—Zr—CH;-1-"Pr-3-[(CH,),—O]—, (NH'Pr),—
Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NH"Bu),—Zr—CsH,-
1-Pr-3-[(CH,),—O]—, (NH'Bu),—Zr—C3H,-1-Pr-3-
[(CH,),—O]—, (NH*Bu),—Zr—CsH,-1-Pr-3-[(CH,),—
(NHBu),—Zr—CsH;-1- lPr-3 [(CH,),—O]—
(NMeEt)z—Zr—C H,-1-"Pr-3- [(CHz) —O0]— (N Me"Pr)
»—2Zr—CH;-1-"Pr-3- [(CH 2)s—0]—,  (NMe'Pr),—Zr—
_C5H3- 1 -iPr-3 -[(CH,),—O]—, (NMe"Bu),—Zr—C,H,-1-
Pr-3-[(CH,),—O]—, (NMe'Bu),—Zr—C H;-1-"Pr-3-
[(CH,),—O]—, (NMe’Bu),—Zr—CsH;-1-Pr-3-[ (CH, ),—
O]—, (NMeBu),—Zr—CsH,-1-Pr-3-[(CH,),—O]—,
(NEt"Pr),—Zr—C,H;-1-"Pr-3-[(CH,),—O]—, (NEt'Pr),—
Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NEt"Bu),—Zr—C H,-
1-'Pr-3-[(CH,),—O]—, (NEt'Bu),—Zr—CsH;-1-"Pr-3-
[(CH,),—O]—, (NEt'Bu),—Zr—CsH;-1-'Pr-3-[(CH,),—
O]—, (NEtBu),—Zr—C,H;-1-Pr-3-[(CH,),—O]—,
(N"Pr'Pr),—Zr—C H;-1-"Pr-3-[(CH,),—O]—, (N"Pr"Bu)
»—2Zr—CsH;-1-'Pr-3-[(CH,),—O]—, (N"PrBu),—Zr—
CsH;-1-Pr-3-[(CH,),—O]—, (N"Pr'Bu),—Zr—CsH;-1-
Pr-3-[(CH,),—O0]—, (N"PrBu),—Zr—C;H,-1-Pr-3-
[(CH,),—O]—, (N'Pr"Bu),—Zr—CsH;-1-'Pr-3-[(CH, ),—
O]—, (N'PrBu),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—,
(N'Pr'Bu),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (N'PrBu)
—Zr—C H;-1-"Pr-3-[(CH,),—O]—, (N"BuBu),—Zr—
CsH;-1-"Pr-3-[(CH,),—O}—, (N"Bu’Bu),—Zr—CH;-1-
Pr-3-[(CH,),—O]—, (N"Bu’Bu),—Zr—CsH;-1-Pr-3-
[(CH,),—O]—, (N'Bv*Bu),—Zr—CsH;-1-Pr-3-[(CH,),—
O]—, (N'BuBu),—Zr—C;H,-1-Pr-3-[(CH,),—O]—,
(N°BuBu),—Zr—CsH;-1-Pr-3-[(CH,),—O]—, (NH,)
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(CO—Zr—CH,1-Pr-3-[(CH,),—Ol—, (NMe,)(Cp)—
Zr—CsH;-1-Pr-3-[(CH,),—O]—, (NEt,)(CO—Zr—
C,H;-1-"Pr-3-[(CH,),—O]—, (N"Pr,)(Cp)—Zr—CsH,-1-
Pr-3-[(CH,),—O]—, (N'Pr,)(Cp)—Zr—CsH;-1-Pr-3-
[(CHy)>—0}— (N"Bu,)(Cp)—Zr—C;sH;-1-"Pr-3-[(CH,)
»—O]—, (N8u,)(CO—Zr—CH;-1-"Pr-3-[(CH,),—O]—
(N°Bu,)(Cp)—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Bu,)
(CO—Zr—CsH;-1-Pr-3-[(CH,),—O]—, (NH Me)(Cp)—
Zr—CsH;-1-"Pr-3-[(CH,),—O0]—, (NH Et)(Cp)—Zr—
C,H,;-1-"Pr-3-[(CH,),—O]—, (NH"Pr)(Cp)—Zr—CsH,-1-
Pr-3-[(CH,),—O]—,  (NHPr)(Cp)—Zr—CsH;-1-Pr-3-

[(CH,),—O]—, (NH"Bu)(Cp)—Zr—CsH;-1-Pr-3-[(CH,)
—O]—, (NH'Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH, ),—
O]—, (NH*Bu)(Cp)—Zr—CsH;-1-"Pr-3-[(CH,),—O]—,

(NH Bu)(Cp)—Zr—CsH,-1-'Pr-3-[(CH,),—O]
(NMeEt)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),—O]—,
(NMe"Pr)(Cp)—Zr—CsHy-1-Pr-3-[(CH,),—O]—,
(NMe’Pr)(Cp)—Zr—CH,-1-Pr-3-[(CH,),—O]—,
(NMe"Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O] —,
(NMe'Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH, ),—O]—,
(NMe*Bu)(Cp)—Zr—CH,-1-Pr-3-[(CH,),—O]—,
(NMeBu)(Cp)—Zr—CH,-1-'Pr-3-[(CH,),— O],
(NECP11(Cp)—Zr—CsH,-1-"Pr-3-[(CH,),—O]—,
(NEtPr)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),—O]—,  (NEt-
"Bu)(Cp)—Zt—CsHy-1- 'Pr-3-[(CH,),—O]—, (NEt'Bu)
(Cp)—Zr—CgH,-1-Pr-3-[(CH,),—O]—, (NEBu)(Cp)—
Zr—CH;-1-Pr-3-[(CH,),—O]—,  (NEtBu)(Cp)—Zr—
CH,-1-Pr-3-[(CH,),—Ol—, (N"PrPr)(Cp)—Zr—CsH,-
1-Pr-3-[(CH,),—O]—, (N"P¥"Bu)(Cp)—Zr—CsH,-1-Pr-
3{(CHy),—O]—  (N"PFBu)(Cp)—Zr—CsH,-1-Pr-3-
[(CH,),—O]—, (N"Pri3u)(Cp)—Zr—CsH,-1-"Pr-3- [(CH,)

,—Ol—,  (N"P¥Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),—

Ol—, (N'PP'Bu)(Cp)-Zr—CsHy1-Pr-3-(CH,), O] —

(N'PEBu)(Cp)—Zr—C,Ho-1-Pr3[(CH,), O] —  (N'
Pr'Bu)(Cp)—Zr—CH,-1-Pr-3-[(CH,),—O]—, (N‘PrBu)
(Cp)—Zr—-C.H,-1-Pr3-[(CH,), O] "(N"Bu‘Bu)
(Cp)—Zr—CH,-1-Pr-3-[(CH,),— O] —, (N"Bu*Bu)
(Cp)—Zr—C3H,-1-Pr-3-[(CH,),— O] —, (N"Bu’Bu)
(Cp)—Zr—C3H,-1-Pr-3-[(CH,),— O] —, (N'Bu’Bu)
(Cp)—Zr—C3H,-1-Pr-3-[(CH,),— O] —, (N"BuBu)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),— O] —, (N°Bu‘Bu)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),—O] (OH)—Zr—

CsH;-1-"Pr-3-[(CH,),—O]—, (OMe)—Zr—CsH;-1-"Pr-3-
[(CH,),—O]—, (OEt)—Zr—C,H;-1-"Pr-3-[(CH,),—O]—,
(O"Pr)—Zr—C,sH;-1-"Pr-3-[(CH,),—O]—, (O"'Pr)—Zr—
CsH;-1-"Pr-3-[(CH,),—O]—, (O"Bu)—Zr—CsH;-1-Pr-3-
[(CH,),—O]—, (O"Bu)—Zr—C,H;-1-Pr-3-[(CH,),—
O]—, (O°Bu)}—Zr—CsH;-1-"Pr-3-[(CH,),—0O]—, and
(O'Bu)—Zr—C,H;-1-"Pr-3-[(CH,),—O]—

[0175] Preferred Hf precursors include L,-Hf—CH,-
(CH,—CH,—0)—, L,-Hf—C,H;-1-Me-3-[(CH,—CH,—
0)—, and L,-Hf—CsH;-1-Pr-3-[(CH,-CH,—O-—, corre-
sponding to the following structure formula, respectively:

iPr.
L—Hf—O L—Hf—O L—Hf—O
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wherein each L is independently a -1 anionic ligand selected
from the group consisting of NR',, OR', Cp, amidinate,
p-diketonate or keto-iminate, wherein R' is a H or a C,-C,
hydrocarbon group or an adjacent pair of R's forms a
hydrocarbyl ring. More specifically, exemplary Hf-contain-
ing precursors include but are not limited to (NH,),-Hf—
CsHy-[(CH,),—Ol—, (NMe, ),-Hf—CsH,-[(CH,),—
O]—, (NEt,),-Hf —C;H,-[(CH,),—OJ]—, (N"Pr,),-Hf—
CsHy-[(CH,);—OJ—, (N'Pr,),-Hf—CH,-[(CH,),—O]—,
(N"Bu,),-HfF—C,H,-[(CH,),—O]—, (N'Bu,),-Hf—C;H,-
[(OH),—Ol—  (N"Buy),-Hf—C5H,-[(CH,),—Ol—,
(NBu,),-Hf—CH,-[(CH,),—O]—, (NHMe),-Hf—C,H,-
[(CH2)240]*5 (NHEt)z'Hf*CSHI_[(CHz)zgo]*s
(NH"Pr),-Hf—CsH,-[(CH,),—0O]—, (NH'Pr),-Hf—C,H,-
[(CH,),—O]—  (NH"Bu),-Hf—C5H,-[(CH,),—Ol—,
(NHBu),-Hf—C H,-[(CH,),—O]—, (NH’Bu),-Hf—
CsH,-[(CHy),—Ol—,  (NHBu),-Hf —CsH,~[(CH,),—
O]—, (NMeEt),-Hf—C.H,-[(CH,),—O0O]—, (NMe”Pr),-
Hf—CsH,-[(CH,),—O]—, (NMe'Pr),-Hf—CsH,-[(CH,)
»—Ol—, (NMe"Bu),-Hf—CsH,-[(CH,),—O]—,
(NMe'Bu),-Hf—C;H,-[(CH,),—O]—, (NMe'Bu),-Hf—
CsHy-[(CH,),—0)— (NMetBu)z'Hf*C5H4'[(CH_2)2*
O]—, (NEt"Pr),-Hf—C H,-[(CH,),—O]—, (NEtPr),-
Hf—C H,- [(CH,),—O]—, (NEt"Bu),-Hf—CsH,-[(CH,)
»—0]—, (NEt'Bu),-Hf—C,H,-[(CH,),—O}—, (NEt'Bu),-
Hf—C,H,-[(CH,),—O]—, (NEt'Bu),-Hf —CH,-[(CH,)
»—0]—, N"PPPr),-Hf—CH,-[(CH,),—O]—, (N"Pr"Bu)
»,-Hf—CsH,-[(CH,),—O]—, (N"Pr'Bu),-Hf—C,H,-
[(CH,),—O]—,  (N"PrBu),-Hf —C;H,-[(CH,),—O]—,
(N"Pr'Bu),-Hf —C,H,-[(CH,),—O]—, (N‘Pr"Bu),-Hf —
CsHy-[(CHy),—0]—, (N'Pr'Bu),-HF—C,H,-[(CH,),—
O]—, (NPr’Bu),-Hf—CH,-[(CH,),—O]—, (NPrBu),-
Hf—CsH,-[(CH,),—O0]—, (N"Bu'Bu),-Hf—CH,-[(CH,)
»—0]— (N"Bu'Bu),-HfF—CsH,~[(CH,),—O]—,
(N"Bu‘Bu),-Hf—C H,-[(CH,),—O0]—, N'Bu’Bu),-Hf—
CsHy[(CHy),—Ol—  (N'BuBu),-Hf—CsH,-[(CH,),—
O]—, (N"BuBu),-Hf —CsH,-[(CH,),—O]—, (NH,)(Cp)-
Hf—CH,-[(CH,),—0]—, (NMe,)(Cp)-HI—CsH,-[(CH,)
+—O]—, (NEt,)(Cp)-HE—C,H,-[(CH,),—O}—. (N"Pr,)
(Cp)-HF—CsH,-[(CH,),—O]—  (N'Pr)(Cp)-HI—C;H,-
[(CH,),—O0]—, (N"Bu,)(Cp)-HF—CsH,-[(CH,),—O]—,
(N'Bu, )(Cp)-HI—CsH,-[(CH,),—O]—, (N°Bu,)(Cp)-
Hf—CsH,-[(CH,),—O]—, (N13u,)(Cp)-Hf —CsH,-[(CH,)
—O]—, (NHMe)(Cp)-Hf —C,H,-[(CH,),—O] —, (NHE{)
(Cp)-Hf—C5H,-[(CH,),—O]—, (NH'Pr)(Cp)-Hf—C,H,-
[(CH,),—OJ—,  (NHPr)(Cp)-HE—C,H,-[(CH,),—O]—,
(NH"Bu)(Cp)-HE—CsH,-[(CH,),—O}—,  (NHBu)(Cp)-
Hf—CH,-[(CH,),—O]—, (NH*13u)(Cp)-Hf—CsH,-
[(CH,),—O]—, (NH13u)(Cp)-Hf—C5H,-[(CH,),—Ol—,
(NMeEt)(Cp)-Hf—C5H,-[(CH,),—Ol—,  (NMe"Pr)(Cp)-
Hf—C.H,-[(CH,),—O]—, (NMe'Pr)(Cp)-Hf—C H,-
[(CH,),—O]—, (NMe”"Bu)(Cp)-HEF—CsH,-[(CH,)>,—
o, (NMe'Bu)(Cp)-Hf—C,H,-[(CH,),—O]—,
(NMe’13u)(Cp)-Hf—CsH,-[(CH,),—O]—, (NMe'BOCO-
Hf—CH,-[(CH,),—O]—, (NEt"Pr)(Cp)-Hf—C,H.,-
[(CH,),—O]—, (NEtPr)(Cp)-Hf—C5H,-[(CH,),—Ol—,
(NEt"Bu)(Cp)-Hf —CH,-[(CH,),—O]—, (NEt'Bu)(Cp)-
Hf—C.H,-[(CH,),—O]—, (NE£13u)(Cp)-Hf—C,H,-
[(CH,),—O]—, (NEt13u)(Cp)-Hf—C5H,-[(CH,),—Ol—,
(N"PrPr)(Cp)-Hf—C,H,-[(CH,),—O]—, (N"Pr"Bu)(Cp)-
Hf—CH,-[(CH,),—O]—, (N"Pr'13u)(Cp)-Hf—CH,-
[(CH,),—O]—, (N"Pri3u)(Cp)-Hf—C H,-[(CH,),—Ol—,
(N"Pr13u)(Cp)-HE—C5H,-[ (CH,),—O]—, (NPr'Bu)(Cp)-
Hf—CH,-[(CH,),—O]—, (N'PY'13u)(Cp)-Hf —C H,-
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[(CH,),—O]—, (N'Pr'Bu)(Cp)-Hf—C5H,-[(CH,),—O}—,
(N'PrBu)(Cp)-Hf —C;H,-{(CH,),—Ol-;  »"Bu'Bu)(Cp)-
Hf—C,H,-[(CH,),—O]—,  (N"Bu’13u)(Cp)-Hf—CsH,-
[(CH,)>—O]—, ] (N"Bu'13u)(Cp)-Hf —CsH,-[(CH, ), —
Ol—, (N'Bu*Bu)(Cp)-HF—C5H,-[(CH,),—O]—,
(N'Bu'Bu)(Cp)-Hf—C,H,-[(CH,),—O]—, (N"BuBu)(Cp)-
Hf—C,H,-[(CH,),—O]—  (OH)-Hf—C;H,-[(CH,),—
O]—, (OMe)-Hf—C;H,-[(CH,),—O]—, (OEt)-Hf—CsH,-
[(CH,),—O]—, (O"Pr)-Hf —CsH,-[(CH,),—O]—, (O'Pr)-
Hf—C5H4-[(CH2)2—O]—, (O"Bu)-Hf—C,H,-[(CH,),—
O]—, (O'Bu)-Hf—CH,-[(CH,),—O]—, (OEt)-Hf—CsH,-
[(CH,),—O]—, (0"Pr)-Hf—C;H[(CH,),—O]—, (NH,)
,-Hf—C H;-1-Me-3-[(CH,),—O]—, (NMe,),-Hf—C.H,-
1-Me-3-[(CH,),—O]—, (NEf,),-Hf—CsH;-1-Me-3-
[(CH,)>,—O]—, (N"Pr,),-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (N'Pr,),-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N"Bu,)
»,-Hf—CiH;-1-Me-3-[(CH,),—O]—, (N8u,),-Hf—CsH,-
1-Me-3-[(CH,),—O]—, (N°Bu,),-Hf—C.H;-1-Me-3-
[(CHy),—Ol—,  (N'Bu,),-Hf —C;sH;-1-Me-3-[(CH,),—
O]—, (NHMe),-Hf—C,H,-1-Me-3-[(CH,),—O]—, (NHE)
»-HI—CsH;-1-Me-3-[(CH,),—O]—, (NH"Pr),-Hf—C,H;-
1-Me-3-[(CH,),—O]—, (NH'Pr),-Hf—CsH;-1-Me-3-
[(CHy),—O0]—, (NH"Bu),-HI—CsH;-1-Me-3-[(CH,),—
O]—, (NH'Bu),-Hf—CsH,-1-Me-3-[(CH,),—O]—,
(NH*13u),-Hf —CH;-1-Me-3-[(CH,),—O0]—, (NH'Bu),-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (NMeEt),-Hf—CsH,-
1-Me-3-[(CH,),—O]—,  (NMe"Pr),-Hf—C H;-1-Me-3-
[(CH,),—O}—, (NMePr),-Hf —CsH;-1-Me-3-[(CH,),—
O]—, (NMe”Bu),-Hf—CsH;-1-Me-3-[(CH,),—O]—,
(NMe'Bu),-Hf—C,H,-1-Me-3-[(CH,),—O]—, (NMe*Bu)
»,-Hf—CH;-1-Me-3-[(CH,),—O]—, (NMe"Bu),-Hf—
C,H;-1-Me-3-[(CH,),—O]—, (NECPr),-Hf—C.H,-1-Me-
3-[(CH,),—O]—, (NEtPr),-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (NEt"Bu),-Hf—CsH,-1-Me-3-[(CH,),—O]—,
(NEtBu),-Hf —CH;-1-Me-3-[(CH,),—O]—, NEt°Bu),-
Hf—CsH,-1-Me-3-[(CH,),—O0]—, (NEt'Bu),-Hf—C,H;-
1-Me-3-[(CH,),—O]—, (N"PYPr),-Hf —CH,-1-Me-3-
[(CH,),—O]—, (N"Pr"Bu),-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (N"Pr'13u),-Hf —CH,-1-Me-3-[(CH,),—O]—,
(N"Pr’Bu),-Hf —CH;-1-Me-3-[(CH,),—O]—, (N"PrBu)
»-HI—CsH;-1-Me-3-[(CH,),—O]—,  (N'Pr'Bu),-Hf—
CsH;-1-Me-3-[(CH,),—O]—,  (N'PrBu),-Hf—C,H;-1-
Me-3-[(CH,),—O]—, (N'Pr°Bu),-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (NPrBu),-Hf —C,H;-1-Me-3-[(CH,),—
O]—, (N"Bu’Bu),-Hf—CsH;-1-Me-3-[(CH,),—O]—,
(N"Bu’Bu),-Hf—CH;-1-Me-3-[(CH,),—O]—, (N
Bu'Bu),-Hf —C,H;-1-Me-3-[(CH,),—O]—, (N'Bu’Bu),-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (N'Bu’Bu) ,-Hf —CHs,-
1-Me-3-[(CH,),—0]—, (N°Bu'Bu),-Hf —C,H;-1-Me-3-
[(CH,),—0]—, (NH,)(Cp)-HI—CsH;-1-Me-3-[(CH,),—
O]—, (NMe, )(CO-Hf—C,H;-1-Me-3-[(CH,),—O]—,
(NEt,)(Cp)-Hf—CsH;-1-Me-3-[(CHO,—O]—, (N"Pr,)
(Cp)HE—C,H,-1-Me-3-[(CH,), O}, (N"Pr,)(Cp)-HF—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu,)(Cp)-Hf—C,H;-1-
Me-3-[(CH,),—O]—, (N'Bu,)(Cp)-Hf—CsH;-1-Me-3-
[(CH,),—O]—,  (N‘Bu,)(Cp)-Hf—CH,-1-Me-3-[(CH,)
»—0]—, (NBu,)(Cp)-Hf—C5H;-1-Me-3-[(C,-10,—O]—,
(NHMe)(Cp)-Hf—CH;-1-Me-3-[(CH,),—O]—, (NHEY)
(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (NH"Pr)(Cp)-
Hf—C.H;-1-Me-3-[(CH,),—O]—, (NHPr)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (NH"Bu)(Cp)-Hf—C,H;-1-
Me-3-[(CH,),—O]—, , (NH'Bu)(Cp)-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (NH’Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,)
»—0]—, (NHBw)(Cp)-Hf —CH;-1-Me-3-[(CH,),—O]—,
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(NMeEt)(Cp)-Hf —C5H;-1-Me-3-[(CH,),—O]—,

(NMe"Pr)(Cp)-Hf —CH;-1-Me-3-[(CH,),—O]—,

(NMe'Pr)(Cp)-Hf—C,H,-1-Me-3-[(CH,),—O]—, (NMe"-
BOCO-Hf—C4H,-1-Me-3-[(CH,),—O]—, (NMe'Bu)(Cp)-
Hf—CH,-1-Me-3-[(CH,),— O] —, (NMe*Bu)(Cp)-Hf —
CH,-1-Me-3-[(CH,),—O]—, (NMe'Bu)(Cp)-Hf—CH,-
1-Me-3-[(CH,),—O]—, (NEt"Pr)(Cp)-Hf—C;H;-1-Me-3-

[(CH,),—O]—, (NEtPr)(Cp)-Hf —CsH;-1-Me-3-[(CH,)
—O0]—, (NEt"Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (NEt'‘Bu)(Cp)-Hf —C,H;-1-Me-3-[(CH,),—O]—,

(NEt*Bu)(Cp)-Hf —CsH;-1-Me-3-[(CH,),—O]—, (NEt"-
BOCO-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N"PrPr)(Cp)-
Hf—C.H;-1-Me-3-[(CH,),—O]—, (N"Pr"Bu)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (N"PF13u)(Cp)-Hf—C H,-
1-Me-3-[(CH,),—O]—, (N"Pr'Bu)(Cp)-Hf—CsH;-1-Me-
3-[(CH,),—O]—, (N"Pr'Bu)(Cp)-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (N’Pr"Bu)(Cp)-Hf—CsH,-1-Me-3-[(CH,)
,—O]—, (N'PrBu)(CO-Hf—CH,-1-Me-3-[(CH,),—
O]—, (N’Pr'Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—,
(N'Pr'Bu)(Cp)-Hf—C,H,-1-Me-3-[(CH,),—O0]—,  (Nn-
Bu'Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N™-
Bu’Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N™-
BuBu)(Cp)-Hf—C;H;-1-Me-3-[(CH,),—O]—, (N‘BusBu)
(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—,  (N'Bu'BOCO-
Hf —C,H,-1-Me-3-[(CH,),—O]—, (N°Bu‘Bu)(Cp)-Hf —
CsH;-1-Me-3-[(CH,),—O]—, (OH)-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (OMe)-Hf—CH;-1-Me-3-[(CH,),—
O]—, (O"Bu)-Hf—C H;-1-Me-3-[(CH,),—O]—, (O"Pr)-
Hf—C,H;-1-Me-3-[(CH,),—O]—, (O'Pr)-Hf —C5H,-1-
Me-3-[(CH,),—O]—, (O"Bu)-Hf—CH;-1-Me-3-[(CH,)
»—O0]—, (O'Bu)-Hf—C;H;-1-Me-3-[(CH,),—O]—,
(O’Bu)-Hf—C,H,-1-Me-3-[(CH,),—O]—, (O'Bu)-Hf —
CsH;-1-Me-3-[(CH,),—O]—, (NH,),-Hf —CsH;-1-Pr-3-
[(CHy),—O0]—, (N Me,),-HF—CsH;-1-Pr-3-[(CH,),—
O]—, (NEt,),-Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N"Pr,),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr,),-Hf—C;H,-1-
Pr-3-[(CH,),—O0]—, (N"Bu,),-Hf—CsH,-1-"Pr-3-[(CH,)
»—0]— (N'Bu,),-Hf —C5H;-1-'Pr-3-[(CH,),—O]—,
(N°Bu,),-Hf —C;H,-1-Pr-3-[(CH,),—O]—, (N‘Bu,),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (NHMe),-Hf —CH,-1-
Pr-3-[(CH,),—O]—, (NHE{),-Hf—CsH;-1-"Pr-3-[(CH,)
»—O0]—, (NH"Pr),-Hf—CsH;-1-"Pr-3-[(CH,),—O]—,
(NH'Pr),-Hf —CsH;-1-Pr-3-[(CH,),—O]—, (NH"Bu),-
Hf—C,H;-1-"Pr-3-[(CH,),—O]—, NH'Bu),-Hf—CH,-1-
Pr-3-[(CH,),—O]—, (NH*Bu),-Hf—CsH;-1-"Pr-3-[(CH,)
»—0]—, (NH Bu),-Hf —C,H,-1-"Pr-3-[(CH,),—O]—,
(NMeEt),-Hf —CsH;-1-"Pr-3-[(CH,),—O]—, (NMe”Pr),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe'Pr),-Hf —C H,-
1-Pr-3-[(CH,),—O]—, (NMe"Bu),-Hf —CH;-1-Pr-3-
[(CH,),—O}—, (NMe'Bu),-Hf —CsH,-1-"Pr-3-[(CH,),—
O]—, (NMe*Bu),-Hf —CH,-1-"Pr-3-[(CH,),—O]—,
(NMe'Bu),-Hf—CsH,-1-Pr-3-[(CH,),—O]—, (NEt"Pr),-
Hf—C,H;-1-"Pr-3-[(CH,),—O]—, (NEt'Pr),-Hf—CH,-1-
Pr-3-[(CH,),—O]—, (NEt"Bu),-Hf—CsH;-1-"Pr-3-[(CH,)
»—O0]—, (NEt'Bu),-Hf —CsH;-1-"Pr-3-[(CH,),—O]—,
(NEt°Bu),-Hf —CsH;-1-Pr-3-[(CH,),—O]—, (NEt'Bu),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N"PrPr),-Hf —C H,-
1-Pr-3-[(CH,),—O]—, (N"Pr"Bu),-Hf—C,H,-1-"Pr-3-
[(CH,),—O}—, (NnPril3u),-Hf —CsH,-1-"Pr-3-[(CH,),—
O]—, (N"Pr*Bu),-Hf—C,H;-1-"Pr-3-[(CH,),—O]—,
(N"Pr'Bu),-Hf —CsH;-1-Pr-3-[(CH,),—O]—, (N'Pr"Bu),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr'Bu),-Hf —C H,-
1-Pr-3-[(CH,),—O]—, (N'Pr'Bu),-Hf —CH;-1-Pr-3-
[(CH,),—O]—, (N'PrBu),-Hf —CsH;-1-Pr-3-[(CH,),—
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O]—, (N"Bu’Bu),-Hf—CsH;-1-"Pr-3-[(CH,),—O]—,
(N"Bu’Bu),-Hf—C H,;-1-"Pr-3-[(CH,),—O]—, (N"Bu'Bu)
»-Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Bu’Bu),-Hf—
CsH;-1-"Pr-3-[(CH,),—O]—, (N'Bu'Bu),-Hf —CsH;-1-Pr-
3-[(CH,),—O0]—, (N°BAU),-Hf—C,H;-1-Pr-3-[(CH,),—
Ol (NE1,)Cp)-Hf—C5H,-1-Pr-3-{(CH,), O]
(NMe,)(Cp)-Hf —CsH;-1-'Pr-3-[(CH,),—O]—, (NEt,)
(Cp)-Hf—C5H, -1-Pr-3-[(CH,),— O] —, (N"Pr,)(Cp)-Hf—
CsH;-1-Pr-3-[(CH,),—O]—,  (N'Pr,)(Cp)-Hf—CsH,-1-
Pr-3-[(CH,),—O]—, (N"Bu, )(Cp)-Hf —C H,-1-"Pr-3-
[(CH,),—O]—, (N'Bu,)(Cp)-Hf—C5H,-1-Pr-3-{ (CH,),—
Ol  (NBuy)(Cp)-Hf—C5H,-17Pr-3-{(CH,), O},
(N"Bu,)(CO-Hf—CH,-1-Pr-3-[(CH,),—O]—, (NHMe)
(Cp)-Hf—CsH;-1-"Pr-3-[(CH,),—O}—, (NHEt)(Cp)-Hf—
CsH;-1-Pr-3-[(CH,),—O]—, (NH"Pr)(Cp)-Hf—CsH,-1-
Pr-3-[(CH,),—O]—, (NHPr)(Cp)-Hf —C H,-1-Pr-3-

[(CH,),—O]—, (NH"Bu)(Cp)-Hf—CsH;-1-"Pr-3-[(CH,)
—O0]—, (N1-1"Bu)(Cp)-Hf —CsH;-1-Pr-3-[(CH,),—
O]—, (NI-FBu)(Cp)-Hf—C;H,-1-'Pr-3-[(CH,),—O]—,

(NH'Bu)(Cp)-Hf —CH,-1-Pr-3-[(CH,),—O]—, (NMeEt)
(Cp)-Hf —CH,-1-Pr-3-[(CH,),—O]—,  (NMe"Pr)(Cp)-
Hf —CH,-1-Pr-3-[(CH,),— O] —,  (NMe'Pr)(Cp)-Hf —
CsH,-1-Pr-3-[(CH,),—O]—, (NMe”"Bu)(Cp)-Hf—CH,-
1-Pr-3-[(CH,),—O]—, (NMe'Bu)(Cp)-Hf—C;H;-1-Pr-3-
[(CH,),—Ol—, (NMe*Bu)(Cp)-Hf —CH,-1-Pr-3-[(CH,)
,—Ol—,  (NMeBu)(Cp)-Hf—CH,-1-Pr-3-[(CH,)y—
Ol—,  (NE{"Pr)(Cp)-Hf—C.H,-1-"Pr-3-[(CH,), O] —,
(NEt'Pr)(Cp)-Hf —C5H;-1-Pr-3-[(CH,),—O]—, (NEt"Bu)
(Cp)-Hf —CH,-1-Pr-3-[(CH,),—O]—  (NEtBu)(Cp)-
Hf —CH,-1-Pr-3-[(CH,),— O] —, O]—, (NEt'Bu)Cp)-
Hf—C H,-1-Pr-3-[(CH,),— O] —,  (NEtBu)(Cp)-Hf —
CH,-1-'Pr-3-[(CH,),—O]—, (N"Pr'Pr)(Cp)-Hf —CsH;-1-
Pr-3-[(CH,),—O]—, (N"Pr"Bu)(Cp)-Hf —CsH,-1-Pr-3-
[(CH,),—O}—, (N"PFBu)(Cp)-Hf —CH,-1-Pr-3-[(CH,)
,—Ol—,  (N"PrBu)(Cp)-Hf —CH,-1-Pr-3-[(CH,),
Ol—, (N"P¥Bu)(Cp)-Hf —C.H,-1-Pr-3-[(CH,), O] —,
(N'Pr"Bu)(Cp)-Hf —CsH,-1-Pr-3-[(CH,),—O]—,  (N-
P¥Bu)(Cp)-Hf —CH;-1-Pr-3-[(CH,),— O] —, (N"Pr'Bu)
(Cp)-Hf —CH,-1-Pr-3-[(CH,),—Ol—,  (N'Pr'Bu)(Cp)-
Hf—CH,-1-Pr-3-[(CH,),— O] —,  (N"Bu'l3u)(Cp)-Hf —
CH,-1-'Pr-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)-Hf —C.H,-
1-Pr-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)-Hf —C;H;-1-Pr-3-
[(CH,),—Ol—, (N'Bu'Bu)(Cp)-Hf —CH,-1-Pr-3-[(CH,)
,—Ol—,  (NBuBu)(Cp)-Hf —CH,-1-Pr-3-[(CH,),
Ol—, (N*Bu'Bu)(Cp)-Hf—C.H,-1-Pr-3-[(CH,),—O] —,
(OH)-Hf—C,H,-1-Pr-3-[(CH,),—O]—,  (OMe)-Hf —
CsH,-1-Pr-3-[(CH,),—Ol—,  (OBt)-Hf—C,H,-1-Pr-3-
[(CH,),—O]—, (O"Pr)-Hf —C3H,-1-Pr-3-[(CH,),—O] —,
(O'Pr)-Hf —CH,-1-Pr-3-[(CH,),— O] —,  (O"Bu)-Hf —
CH,-1-'Pr-3-[(CH,),— O] —, (O'Bu)-Hf —C,H,-1-Pr-3-
[(CHy),—Ol—, (O°Bu)}-Hf CiH;-1- 'Pr3-[(CH,),—
O], and (O'Bu)-Hf —C4H,-1-'Pr-3-[(CH,),— O],

[0176] The inventors recognize that the disclosed Group 4
transition metal precursors having the above structures, i.e.,
having bridge between the Cp group and the Group 4
transition metal, one oxygen ligand in the bridge, may
provide similar or better thermal stability than the Cp-amino
bridged precursors of U.S. Pat. No. 8,946,096, for example,
having stable thermal stability and high vapor pressure. In
addition, the liquid state of the disclosed Group 4 transition
metal precursors may be used in direct liquid injection (DLI)
where the precursor is fed in a liquid state and then vapor-
ized before it is introduced into a reactor.
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[0177] The Group 4 ftransition metal precursors may
exhibit (i) sufficient volatility to provide a rapid and repro-
ducible delivery into the reaction chamber from the vessel in
which they are stored, (ii) high thermal stability to avoid
decomposition during the storage in the canister and to
enable self limiting growth in ALD mode at high tempera-
ture, typically >275° C., (iii) appropriate reactivity toward
the substrate terminal functions and with the reacting gas to
an easy conversion into the desired film, and (iv) high purity
to obtain a film with low impurities.

[0178] While precursors are ideally liquids and vaporized
in bubblers or direct liquid injection systems, the use of solid
precursors for ALD and CVD precursor vaporization is also
possible using sublimators such as ones disclosed in PCT
Publication W02009/087609 to Xu et al. Alternatively, solid
precursors may be mixed or dissolved in a solvent to reach
a usable melting point and viscosity for usage by Direct
Liquid Injection systems.

[0179] Preferably, the R in the Group 4 transition metal-
containing precursors is H or Me or ‘Pr on the Cp group
because of their excellent vaporization results in atmo-
spheric thermogravimetric analysis, leaving a small amount
of final residue.

[0180] The disclosed Group 4 transition metal-containing
precursors may be synthesized by reacting at low tempera-
ture the corresponding halogenated Group 4 transition
metal-containing R group compound (i.e., RMX;, wherein
R and M are defined above and X is Cl, Br, or I) with the
corresponding alkanolamine and alkylamine in a suitable
solvent, such as dichloromethane, THF or ether. The RMX,
alkanolamine, and alkylamine are commercially available.
After completion of the addition, the mixture warms to room
temperature with stirring. The solvent is removed under
vacuum. The residue is dissolved in a solvent, such as
toluene. The resulting mixture is filtered. Removal of the
solvent produces the crude Group 4 transition metal-con-
taining precursor.

[0181] Alternatively, the disclosed Group 4 transition
metal-containing precursors may be synthesized by reacting
at low temperature the corresponding Group 4 transition
metal-containing alkoxy and R group compound (i.e.,
RM(OR");), wherein R and M are defined above and R" is
a C,-C; alkyl group) with the corresponding alkanolamine in
a suitable solvent, such as heptanes, dichloromethane, THF
or ether. The RM(OR"); and alkanolamine are commercially
available. After completion of the addition, the mixture
warms to room temperature with stirring. The solvent is
removed under vacuum to produce the crude Group 4
transition metal-containing precursor.

[0182] In another alternative, the disclosed Group 4 tran-
sition metal-containing precursors may be synthesized by
reacting at low temperature the corresponding Group 4
transition metal-containing amide and R group compound
(i.e., RM(NR™,),), wherein R and M are defined above and
R"™ is a C,—C, alkyl group) with the corresponding
alkanolamine in a suitable solvent, such as heptanes, dichlo-
romethane, THF or ether. The RM(NR™,); and
alkanolamine are commercially available. After completion
of the addition, the mixture warms to room temperature with
stirring. The solvent is removed under vacuum to produce
the crude Group 4 transition metal-containing precursor.
[0183] In another alternative, the disclosed Group 4 tran-
sition metal-containing precursors may be synthesized by
reacting at low temperature the corresponding Group 4
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transition metal-containing amide (i.e., M(NR",),), wherein
M is defined above and R™ is a C,-C; alkyl group) with the
corresponding Cp-containing amine or Cp*-containing
amine in a suitable solvent, such as toluene, heptanes,
dichloromethane, THF or ether. The M(NR",), and Cp-
containing amine or Cp*-containing amine are commer-
cially available. After completion of the addition, the mix-
ture warms to room temperature with stirring. The solvent is
removed under vacuum to produce the crude Group 4
transition metal-containing precursor.

[0184] To ensure process reliability, the Group 4 transition
metal-containing film forming compositions may be purified
by continuous or fractional batch distillation or sublimation
prior to use to a purity ranging from approximately 93% w/w
to approximately 100% w/w, preferably ranging from
approximately 99% w/w to approximately 100% w/w. The
Group 4 transition metal-containing film forming composi-
tions may contain any of the following impurities: undesired
congeneric species; solvents; chlorinated metal compounds;
or other reaction products. In one alternative, the total
quantity of these impurities is below 0.1% w/w.

[0185] The concentration of each of hexane, pentane,
dimethyl ether, or anisole in the purified Group 4 transition
metal-containing film forming compositions may range
from approximately 0% w/w to approximately 5% wiw,
preferably from approximately 0% w/w to approximately
0.1% w/w. Solvents may be used in the composition’s
synthesis. Separation of the solvents from the precursor may
be difficult if both have similar boiling points. Cooling the
mixture may produce solid precursor in liquid solvent,
which may be separated by filtration. Vacuum distillation
may also be used, provided the precursor product is not
heated above approximately its decomposition point.
[0186] In one alternative, the disclosed Group 4 transition
metal-containing film forming compositions contain less
than 5% v/v, preferably less than 1% v/v, more preferably
less than 0.1% v/v, and even more preferably less than
0.01% v/v of any of its undesired congeneric species,
reactants, or other reaction products. This alternative may
provide better process repeatability. This alternative may be
produced by distillation of the Group 4 transition metal-
containing precursors.

[0187] In another alternative, the disclosed Group 4 tran-
sition metal-containing film forming compositions may con-
tain between 5% v/v and 50% v/v of one or more of
cogeneric Group 4 transition metal-containing precursors,
reactants, or other reaction products, particularly when the
mixture provides improved process parameters or isolation
of the target compound is too difficult or expensive. For
example, a mixture of two Group 4 transition metal precur-
sors may produce a stable, liquid mixture suitable for vapor
deposition.

[0188] The concentration of trace metals and metalloids in
the purified Group 4 transition metal-containing film form-
ing compositions may each range from approximately O ppb
to approximately 100 ppb, and more preferably from
approximately O ppb to approximately 10 ppb. These metal
impurities include, but are not limited to, Aluminum (Al),
Arsenic (As), Barium (Ba), Beryllium (Be), Bismuth (Bi),
Cadmium (Cd), Calcium (Ca), Chromium (Cr), Cobalt (Co),
Copper (Cu), Gallium (Ga), Germanium (Ge), Hafnium
(Hf), Zirconium (Zr), Indium (In), Iron (Fe), Lead (Pb),
Lithium (Li), Magnesium (Mg), Manganese (Mn), Tungsten
(W), Nickel (Ni), Potassium (K), Sodium (Na), Strontium
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(Sr), Thorium (Th), Tin (Sn), Titanium (Ti), Uranium (U),
Vanadium (V) and Zinc (Zn).

[0189] Also disclosed are methods for forming Group 4
transition metal-containing layers on a substrate using a
vapor deposition process. The method may be useful in the
manufacture of semiconductor, photovoltaic, LCD-TFT, or
flat panel type devices. The disclosed Group 4 transition
metal-containing film forming compositions may be used to
deposit thin Group 4 transition metal-containing films using
any deposition methods known to those of skill in the art.
Examples of suitable vapor deposition methods include
chemical vapor deposition (CVD) or atomic layer deposition
(ALD). Exemplary CVD methods include thermal CVD,
plasma enhanced CVD (PECVD), pulsed CVD (PCVD),
low pressure CVD (LPCVD), sub-atmospheric CVD
(SACVD) or atmospheric pressure CVD (APCVD), hot-
wire CVD (HWCVD, also known as cat-CVD, in which a
hot wire serves as an energy source for the deposition
process), radicals incorporated CVD, and combinations
thereof. Exemplary ALD methods include thermal ALD,
plasma enhanced ALD (PEALD), spatial isolation ALD,
hot-wire ALD (HWALD), radicals incorporated ALD, and
combinations thereof. Super critical fluid deposition may
also be used. The deposition method is preferably ALD,
spatial ALD, or PE-ALD to provide suitable step coverage
and film thickness control. Additionally, the disclosed Group
4 transition metal-containing film forming compositions are
particularly suitable for ALD processes because their ther-
mal stability enables perfect self-limited growth.

[0190] Applicants believe the N—M bond of the disclosed
Group 4 transition metal-containing precursors may stabi-
lize the precursor making it thermally robust, which may
help during conformal ALD deposition in high aspect ratio
structures. The O-M bond may provide good reactivity to
any hydroxyl groups on the substrate surface, permitting the
required physi- or chemi-sorption desired in ALD deposi-
tion. Finally, when R is Cp (substituted or not), Applicants
believe that the Cp may remain like an umbrella over the M
atom on the surface and ensure perfect self ALD growth.
[0191] The disclosed Group 4 transition metal-containing
film forming composition may be supplied either neat or
may further comprise a suitable solvent, such as ethyl
benzene, xylene, mesitylene, decane, and/or dodecane. The
disclosed Group 4 transition metal precursors may be pres-
ent in varying concentrations in the solvent.

[0192] The neat or blended Group 4 transition metal-
containing film forming compositions are introduced into a
reactor in vapor form by conventional means, such as tubing
and/or flow meters. The vapor form may be produced by
vaporizing the neat or blended composition through a con-
ventional vaporization step such as direct vaporization,
distillation, or by bubbling, or by using a sublimator such as
the one disclosed in PCT Publication W0O2009/087609 to
Xu et al. The composition may be fed in a liquid state to a
vaporizer (direct liquid injection or “DLI”) where it is
vaporized before it is introduced into the reactor. Alterna-
tively, the composition may be vaporized by passing a
carrier gas into a container containing the compound or by
bubbling the carrier gas into the compound. The carrier gas
may include, but is not limited to, Ar, He, N,,and mixtures
thereof. Bubbling with a carrier gas may also remove any
dissolved oxygen present in the neat or blended compound
solution. The carrier gas and vapor form of the composition
are then introduced into the reactor as a vapor.
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[0193] If necessary, the container may be heated to a
temperature that permits the composition to be in its liquid
phase and to have a sufficient vapor pressure. The container
may be maintained at temperatures in the range of, for
example, approximately 50° C. to approximately 180° C.
Those skilled in the art recognize that the temperature of the
container may be adjusted in a known manner to control the
amount of composition vaporized.

[0194] The Group 4 transition metal-containing film form-
ing compositions may be delivered to a semiconductor
processing tool by the disclosed Group 4 transition metal-
containing film forming composition delivery devices.
FIGS. 1 and 2 show two embodiments of the disclosed
delivery devices 1.

[0195] FIG. 1 is a side view of one embodiment of the
Group 4 transition metal-containing film forming composi-
tion delivery device 1. In FIG. 1, the disclosed Group 4
transition metal-containing film forming composition 11 is
contained within a container 2 having at least two conduits,
an inlet conduit 3 and an outlet conduit 4. One of ordinary
skill in the precursor art will recognize that the container 2,
inlet conduit 3, and outlet conduit 4 are manufactured to
prevent the escape of the gaseous form of the Group 4
transition metal-containing film forming composition 11,
even at elevated temperature and pressure.

[0196] Suitable valves include spring-loaded or tied dia-
phragm valves. The valve may further comprise a restrictive
flow orifice (RFO). The delivery device 1 should be con-
nected to a gas manifold and in an enclosure. The gas
manifold should permit the safe evacuation and purging of
the piping that may be exposed to air when the delivery
device 1 is replaced so that any residual amount of the
material does not react.

[0197] The delivery device 1 must be leak tight and be
equipped with valves that do not permit escape of even
minute amounts of the material when closed. The delivery
device 1 fluidly connects to other components of the semi-
conductor processing tool, such as the gas cabinet disclosed
above, via valves 6 and 7. Preferably, the container 2, inlet
conduit 3, valve 6, outlet conduit 4, and valve 7 are typically
made of 316L EP stainless steel.

[0198] In FIG. 1, the end 8 of inlet conduit 3 is located
above the surface of the Group 4 transition metal-containing
film forming composition 11, whereas the end 9 of the outlet
conduit 4 is located below the surface of the Group 4
transition metal-containing film forming composition 11. In
this embodiment, the Group 4 transition metal-containing
film forming composition 11 is preferably in liquid form. An
inert gas, including but not limited to nitrogen, argon,
helium, and mixtures thereof, may be introduced into the
inlet conduit 3. The inert gas pressurizes the container 2 so
that the liquid Group 4 transition metal-containing film
forming composition 11 is forced through the outlet conduit
4 and to components in the semiconductor processing tool
(not shown). The semiconductor processing tool may
include a vaporizer which transforms the liquid Group 4
transition metal-containing film forming composition 11
into a vapor, with or without the use of a carrier gas such as
helium, argon, nitrogen or mixtures thereof, in order to
deliver the vapor to a chamber where a wafer to be repaired
is located and treatment occurs in the vapor phase. Alterna-
tively, the liquid Group 4 transition metal-containing film
forming composition 11 may be delivered directly to the
wafer surface as a jet or aerosol.
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[0199] FIG. 2 is aside view of a second embodiment of the
Group 4 transition metal-containing film forming composi-
tion delivery device 1. In FIG. 2, the end 8 of inlet conduit
3 is located below the surface of the Group 4 transition
metal-containing film forming composition 11, whereas the
end 9 of the outlet conduit 4 is located above the surface of
the Group 4 transition metal-containing film forming com-
position 11. FIG. 2 also includes an optional heating element
14, which may increase the temperature of the Group 4
transition metal-containing film forming composition 11.
The Group 4 transition metal-containing film forming com-
position 11 may be in solid or liquid form. An inert gas,
including but not limited to nitrogen, argon, helium, and
mixtures thereof, is introduced into the inlet conduit 3. The
inert gas flows through the Group 4 transition metal-con-
taining film forming composition 11 and carries a mixture of
the inert gas and vaporized Group 4 transition metal-con-
taining film forming composition 11 to the outlet conduit 4
and to the components in the semiconductor processing tool.

[0200] Both FIGS. 1 and 2 include valves 6 and 7. One of
ordinary skill in the art will recognize that valves 6 and 7
may be placed in an open or closed position to allow flow
through conduits 3 and 4, respectively. Either delivery
device 1 in FIG. 1 or 2, or a simpler delivery device having
a single conduit terminating above the surface of any solid
or liquid present, may be used if the Group 4 transition
metal-containing film forming composition 11 is in vapor
form or if sufficient vapor pressure is present above the
solid/liquid phase. In this case, the Group 4 transition
metal-containing film forming composition 11 is delivered
in vapor form through the conduit 3 or 4 simply by opening
the valve 6 in FIG. 1 or 7 in FIG. 2, respectively. The
delivery device 1 may be maintained at a suitable tempera-
ture to provide sufficient vapor pressure for the Group 4
transition metal-containing film forming composition 11 to
be delivered in vapor form, for example by the use of an
optional heating element 14.

[0201] While FIGS. 1 and 2 disclose two embodiments of
the Group 4 transition metal-containing film forming com-
position delivery device 1, one of ordinary skill in the art
will recognize that the inlet conduit 3 and outlet conduit 4
may both be located above the surface of the Group 4
transition metal-containing film forming composition 11
without departing from the disclosure herein. Furthermore,
inlet conduit 3 may be a filling port.

[0202] When the Group 4 transition metal-containing film
forming compositions are solids, their vapors may be deliv-
ered to the reactor using a sublimator. FIG. 3 shows one
embodiment of a suitable sublimator 100. The sublimator
100 comprises a container 33. Container 33 may be a
cylindrical container, or alternatively, may be any shape,
without limitation. The container 33 is constructed of mate-
rials such as stainless steel, nickel and its alloys, quartz,
glass, and other chemically compatible materials, without
limitation. In certain instances, the container 33 is con-
structed of another metal or metal alloy, without limitation.
In certain instances, the container 33 has an internal diam-
eter from about 8 centimeters to about 55 centimeters and,
alternatively, an internal diameter from about 8 centimeters
to about 30 centimeters. As understood by one skilled in the
art, alternate configurations may have different dimensions.

[0203] Container 33 comprises a sealable top 15, sealing
member 18, and gasket 20. Sealable top 15 is configured to
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seal container 33 from the outer environment. Sealable top
15 is configured to allow access to the container 33.

[0204] Additionally, sealable top 15 is configured for
passage of conduits into container 33. Alternatively, sealable
top 15 is configured to permit fluid flow into container 33.
Sealable top 15 is configured to receive and pass through a
conduit comprising a dip tube 92 to remain in fluid contact
with container 33. Dip tube 92 having a control valve 90 and
a fitting 95 is configured for flowing carrier gas into con-
tainer 33. In certain instances, dip tube 92 extends down the
center axis of container 33. Further, sealable top 15 is
configured to receive and pass through a conduit comprising
outlet tube 12. The carrier gas and vapor of the Group 4
transition metal-containing film forming composition is
removed from container 33 through the outlet tube 12.
Outlet tube 12 comprises a control valve 10 and fitting 5. In
certain instances, outlet tube 12 is fluidly coupled to a gas
delivery manifold, for conducting carrier gas from the
sublimator 100 to a film deposition chamber.

[0205] Container 33 and sealable top 15 are secaled by at
least two sealing members 18; alternatively, by at least about
four sealing members. In certain instance, sealable top 15 is
sealed to container 33 by at least about eight sealing mem-
bers 18. As understood by one skilled in the art, sealing
member 18 releasably couples sealable top 15 to container
33, and forms a gas resistant seal with gasket 20. Sealing
member 18 may comprise any suitable means known to one
skilled in the art for sealing container 33. In certain
instances, sealing member 18 comprises a thumbscrew.

[0206] As illustrated in FIG. 3, container 33 further com-
prises at least one disk disposed therein. The disk comprises
a shelf, or horizontal support, for solid material. In certain
embodiments, an interior disk 30 is disposed annularly
within the container 33, such that the disk 30 includes an
outer diameter or circumference that is less than the inner
diameter or circumference of the container 33, forming an
opening 31. An exterior disk 86 is disposed circumferen-
tially within the container 33, such that the disk 86 com-
prises an outer diameter or circumference that is the same,
about the same, or generally coincides with the inner diam-
eter of the container 33. Exterior disk 86 forms an opening
87 disposed at the center of the disk. A plurality of disks is
disposed within container 33. The disks are stacked in an
alternating fashion, wherein interior disks 30, 34, 36, 44 are
vertically stacked within the container with alternating exte-
rior disks 62, 78, 82, 86. In embodiments, interior disks 30,
34, 36, 44 extend annularly outward, and exterior disks 62,
78, 82, 86 extend annularly toward the center of container
33. As illustrated in the embodiment of FIG. 3, interior disks
30, 34, 36, 44 are not in physical contact with exterior disks
62, 78, 82, 86.

[0207] The assembled sublimator 100 comprises interior
disks 30, 34, 36, 44 comprising aligned and coupled support
legs 50, interior passage 51, concentric walls 40, 41, 42, and
concentric slots 47, 48, 49. The interior disks 30, 34, 36, 44
are vertically stacked, and annularly oriented about the dip
tube 92. Additionally, the sublimator comprises exterior
disks 62, 78, 82, 86. As illustrated in FIG. 3, the exterior
disks 62, 78, 82, 86 should be tightly fit into the container
33 for a good contact for conducting heat from the container
33 to the disks 62, 78, 82, 86. Preferably, the exterior disks
62,78, 82, 86 are coupled to, or in physical contact with, the
inner wall of the container 33.



US 2017/0107612 Al

[0208] As illustrated, exterior disks 62, 78, 82, 86 and
interior disks 30, 34, 36, 44 are stacked inside the container
33. When assembled in container 33 to form sublimator 100,
the interior disks 30, 34, 36, 44 form outer gas passages 31,
35, 37, 45 between the assembled exterior disks 62, 78, 82,
86. Further, exterior disks 62, 78, 82, 86 form inner gas
passages 56, 79, 83, 87 with the support legs of the interior
disks 30, 34, 36, 44. The walls 40, 41, 42 of interior disks
30, 34, 36, 44 form the grooved slots for holding solid
precursors. Exterior disks 62, 78, 82, 86 comprise walls 68,
69, 70 for holding solid precursors. During assembly, the
solid precursors are loaded into the annular slots 47, 48, 49
of interior disks 30, 34, 36, 44 and annular slots 64, 65, 66
of exterior disks 62, 78, 82, 86.

[0209] While FIG. 3 discloses one embodiment of a sub-
limator capable of delivering the vapor of any solid Group
4 transition metal-containing film forming composition to
the reactor, one of ordinary skill in the art will recognize that
other sublimator designs may also be suitable, without
departing from the teachings herein. Finally, one of ordinary
skill in the art will recognize that the disclosed Group 4
transition metal-containing film forming composition 11
may be delivered to semiconductor processing tools using
other delivery devices, such as the ampoules disclosed in
WO 2006/059187 to Jurcik et al., without departing from the
teachings herein.

[0210] The reaction chamber may be any enclosure or
chamber of a device in which deposition methods take place,
such as, without limitation, a parallel-plate type reactor, a
cold-wall type reactor, a hot-wall type reactor, a single-wafer
reactor, a multi-wafer reactor, or other such types of depo-
sition systems. All of these exemplary reaction chambers are
capable of serving as an ALD reaction chamber. The reac-
tion chamber may be maintained at a pressure ranging from
about 0.5 mTorr to about 20 Torr, preferably between about
0.1 Torr and about 5 Torr. In addition, the temperature within
the reaction chamber may range from about 50° C. to about
600° C. One of ordinary skill in the art will recognize that
the optimal deposition temperature range for each Group 4
transition metal-containing precursors may be determined
experimentally to achieve the desired result.

[0211] The reactor contains one or more substrates onto
which the thin films will be deposited. A substrate is
generally defined as the material on which a process is
conducted. The substrates may be any suitable substrate
used in semiconductor, photovoltaic, flat panel, or LCD-TFT
device manufacturing. Examples of suitable substrates
include wafers, such as silicon, SiGe, silica, glass, or Ge.
Plastic substrates, such as poly(3,4-ethylenedioxythiophene)
poly (styrenesulfonte) [PEDOT:PSS], may also be used. The
substrate may also have one or more layers of differing
materials already deposited upon it from a previous manu-
facturing step. For example, the wafers may include silicon
layers (crystalline, amorphous, porous, etc.), silicon oxide
layers, silicon nitride layers, silicon oxy nitride layers,
carbon doped silicon oxide (SiCOH) layers, or combinations
thereof. Additionally, the wafers may include copper, cobalt,
ruthenium, tungsten and/or other metal layers (e.g. platinum,
palladium, nickel, ruthenium, or gold). The wafers may
include barrier layers or electrodes, such as tantalum, tan-
talum nitride, etc. Plastic layers, such as poly(3,4-ethylene-
dioxythiophene)poly (styrenesulfonate) [PEDOT:PSS]| may
also be used. The layers may be planar or patterned. The
substrate may be an organic patterened photoresist film. The
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substrate may include layers of oxides which are used as
dielectric materials in MIM, DRAM, or FeRam technologies
(for example, ZrO, based materials, HfO, based materials,
TiO, based materials, rare earth oxide based materials,
ternary oxide based materials, etc.) or from nitride-based
films (for example, TaN, TiN, NbN) that are used as elec-
trodes. The disclosed processes may deposit the Group
4-containing layer directly on the wafer or directly on one or
more than one (when patterned layers form the substrate) of
the layers on top of the wafer. Furthermore, one of ordinary
skill in the art will recognize that the terms “film” or “layer”
used herein refer to a thickness of some material laid on or
spread over a surface and that the surface may be a trench
or a line. Throughout the specification and claims, the wafer
and any associated layers thereon are referred to as sub-
strates. The actual substrate utilized may also depend upon
the specific precursor embodiment utilized. In many
instances though, the preferred substrate utilized will be
selected from TiN, NbN, Ru, Si, and SiGe type substrates,
such as polysilicon or crystalline silicon substrates. For
example, a Group 4 metal oxide film may be deposited onto
a TiN substrate. In subsequent processing, a TiN layer may
be deposited on the Group 4 metal oxide layer, forming a
TiN/Group 4 metal oxide/TiN stack used as DRAM capaci-
tor. The Metal Oxide layer itself may be made of a stack of
several layers of various metal oxides, generally selected
from Group 4 metal oxide, Group 5 metal oxide, Al,O;,
Si0,, and MoO,.

[0212] The temperature and the pressure within the reactor
are held at conditions suitable for vapor depositions. In other
words, after introduction of the vaporized composition into
the chamber, conditions within the chamber are such that at
least part of the vaporized Group 4 transition metal-contain-
ing precursor is deposited onto the substrate to form a Group
4 transition metal-containing film. For instance, the pressure
in the reactor may be held between about 1 Pa and about 10°
Pa, more preferably between about 25 Pa and about 10° Pa,
as required per the deposition parameters. Likewise, the
temperature in the reactor may be held between about 100°
C. and about 500° C., preferably between about 200° C. and
about 450° C. One of ordinary skill in the art will recognize
that “at least part of the vaporized Group 4 transition
metal-containing precursor is deposited” means that some or
all of the precursor reacts with or adheres to the substrate.

[0213] The temperature of the reactor may be controlled
by either controlling the temperature of the substrate holder
or controlling the temperature of the reactor wall. Devices
used to heat the substrate are known in the art. The reactor
wall is heated to a sufficient temperature to obtain the
desired film at a sufficient growth rate and with desired
physical state and composition. A non-limiting exemplary
temperature range to which the reactor wall may be heated
includes from approximately 100° C. to approximately 500°
C. When a plasma deposition process is utilized, the depo-
sition temperature may range from approximately 50° C. to
approximately 400° C. Alternatively, when a thermal pro-
cess is performed, the deposition temperature may range
from approximately 200° C. to approximately 450° C.

[0214] In addition to the disclosed Group 4 transition
metal-containing film forming composition, a reactant may
also be introduced into the reactor. The reactant may be an
oxidizing gas such as one of O,, O;, H,0, H,0,, NO, N,O,
NO,, a diol (such as ethylene glycol or hydrated hexafluo-
roacetone), oxygen containing radicals such as O or OH,
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NO, NO,, carboxylic acids, formic acid, acetic acid, propi-
onic acid, and mixtures thereof. Preferably, the oxidizing gas
is selected from the group consisting of O,, O;, H,0, H,0,,
oxygen containing radicals thereof such as O or OH, and
mixtures thereof.

[0215] Alternatively, the reactant may be H,, NH;, hydra-
zines (such as N,H,, MeHNNH,, Me,NNH,, MeHNNHMe,
phenyl hydrazine), organic amines (such as NMeH,, NEtH,,,
NMe,H, NEt,H, NMe,, NEt;, (SiMe;),NH, cyclic amines
like pyrrolidine or pyrimidine), diamines (such as ethylene
diamine, dimethylethylene diamine, tetramethylethylene
diamine), aminoalcohols (such as ethanolamine [HO—
CH,—CH,—NH,], bis ethanolamine [HN(C,H;OH),| or
tris ethanolamine[N(C,H;OH),]), pyrazoline, pyridine,
radicals thereof, or mixtures thereof. Preferably the reactant
is H,, NH;, radicals thereof, or mixtures thereof.

[0216] In another alternative, the reactant may be (SiH;)
5N, hydridosilanes (such as SiH,, Si,Hg, Si;H,, SiH,,,
SisH,,, or SigH,,), chlorosilanes and chloropolysilanes
(such as SiHCl,, SiH,Cl,, SiH,Cl, Si,Cl;, Si,HCls, or
Si,Cly), alkylsilanes (such as Me,SiH,, Et,SiH,, MeSiHj;,
EtSiH;, or phenyl silane), and aminosilanes (such as tris-
dimethylaminosilane, bis-diethylaminosilane, di-isopropy-
laminosilane or other mono, dis or tris aminosilanes), radi-
cals thereof, or mixtures thereof. Preferably, the reactant is
(SiH;);N or an aminosilane.

[0217] The reactant may be treated by a plasma, in order
to decompose the reactant into its radical form. N, may also
be utilized as a reducing gas when treated with plasma. For
instance, the plasma may be generated with a power ranging
from about 50 W to about 2500 W, preferably from about
100 W to about 400 W. The plasma may be generated or
present within the reactor itself.

[0218] Alternatively, the plasma may generally be at a
location removed from the reactor, for instance, in a
remotely located plasma system. One of skill in the art will
recognize methods and apparatus suitable for such plasma
treatment.

[0219] For example, the reactant may be introduced into a
direct plasma reactor, which generates plasma in the reaction
chamber, to produce the plasma-treated reactant in the
reaction chamber. Exemplary direct plasma reactors include
the Titan198 PECVD System produced by Trion Technolo-
gies. The reactant may be introduced and held in the reaction
chamber prior to plasma processing. Alternatively, the
plasma processing may occur simultaneously with the intro-
duction of the reactant. In-situ plasma is typically a 13.56
MHz RF inductively coupled plasma that is generated
between the showerhead and the substrate holder. The
substrate or the showerhead may be the powered electrode
depending on whether positive ion impact occurs. Typical
applied powers in in-situ plasma generators are from
approximately 30 W to approximately 1000 W. Preferably,
powers from approximately 30 W to approximately 600 W
are used in the disclosed methods. More preferably, the
powers range from approximately 100 W to approximately
500 W. The disassociation of the reactant using in-situ
plasma is typically less than achieved using a remote plasma
source for the same power input and is therefore not as
efficient in reactant disassociation as a remote plasma sys-
tem, which may be beneficial for the deposition of Group 4
transition metal-containing films on substrates easily dam-
aged by plasma.
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[0220] Alternatively, the plasma-treated reactant may be
produced outside of the reaction chamber. The MKS Instru-
ments’ ASTRONiI® reactive gas generator may be used to
treat the reactant prior to passage into the reaction chamber.
Operated at 2.45 GHz, 7 kW plasma power, and a pressure
ranging from approximately 0.5 Torr to approximately 10
Torr, the reactant O, may be decomposed into two O~
radicals. Preferably, the remote plasma may be generated
with a power ranging from about 1 kW to about 10 kW, more
preferably from about 2.5 kW to about 7.5 kW.

[0221] The vapor deposition conditions within the cham-
ber allow the disclosed Group 4 transition metal-containing
film forming composition and the reactant to react and form
a Group 4 transition metal-containing film on the substrate.
In some embodiments, Applicants believe that plasma-
treating the reactant may provide the reactant with the
energy needed to react with the disclosed composition.
[0222] Depending on what type of film is desired to be
deposited, an additional precursor compound may be intro-
duced into the reactor. The precursor may be used to provide
additional elements to the Group 4 transition metal-contain-
ing film. The additional elements may include lanthanides
(e.g., Ytterbium, Erbium, Dysprosium, Gadolinium, Praseo-
dymium, Cerium, Lanthanum, Yttrium), germanium, sili-
con, aluminum, boron, phosphorous, a Group 3 element
(i.e., Sc, Y, La, or Ac), a different Group 4 element, or a
Group 5 element (i.e., V, Nb, or Ta), or mixtures of these.
When an additional precursor compound is utilized, the
resultant film deposited on the substrate contains the Group
4 transition metal in combination with at least one additional
element.

[0223] The Group 4 transition metal-containing film form-
ing compositions and reactants may be introduced into the
reactor either simultaneously (chemical vapor deposition),
sequentially (atomic layer deposition) or different combina-
tions thereof. The reactor may be purged with an inert gas
between the introduction of the composition and the intro-
duction of the reactant. Alternatively, the reactant and the
composition may be mixed together to form a reactant/
compound mixture, and then introduced to the reactor in
mixture form. Another example is to introduce the reactant
continuously and to introduce the Group 4 transition metal-
containing film forming composition by pulse (pulsed
chemical vapor deposition).

[0224] The vaporized composition and the reactant may be
pulsed sequentially or simultaneously (e.g. pulsed CVD)
into the reactor. Each pulse of composition may last for a
time period ranging from about 0.01 seconds to about 100
seconds, alternatively from about 0.3 seconds to about 30
seconds, alternatively from about 0.5 seconds to about 10
seconds. The reactant may also be pulsed into the reactor. In
such embodiments, the pulse of each gas may last from
about 0.01 seconds to about 100 seconds, alternatively from
about 0.3 seconds to about 30 seconds, alternatively from
about 0.5 seconds to about 10 seconds. In another alterna-
tive, the vaporized composition and one or more reactants
may be simultaneously sprayed from a shower head under
which a susceptor holding several wafers is spun (spatial
ALD).

[0225] Depending on the particular process parameters,
deposition may take place for a varying length of time.
Generally, deposition may be allowed to continue as long as
desired or necessary to produce a film with the necessary
properties. Typical film thicknesses may vary from several



US 2017/0107612 Al

angstroms to several hundreds of microns, depending on the
specific deposition process. The deposition process may also
be performed as many times as necessary to obtain the
desired film.

[0226] In one non-limiting exemplary CVD type process,
the vapor phase of the disclosed Group 4 transition metal-
containing film forming composition and a reactant are
simultaneously introduced into the reactor. The two react to
form the resulting Group 4 transition metal-containing thin
film. When the reactant in this exemplary CVD process is
treated with a plasma, the exemplary CVD process becomes
an exemplary PECVD process. The reactant may be treated
with plasma prior or subsequent to introduction into the
chamber.

[0227] In one non-limiting exemplary ALD type process,
the vapor phase of the disclosed Group 4 transition metal-
containing film forming composition is introduced into the
reactor, where the Group 4 transition metal-containing pre-
cursor physi- or chemisorbs on the substrate. Excess com-
position may then be removed from the reactor by purging
and/or evacuating the reactor. A desired gas (for example,
0,) is introduced into the reactor where it reacts with the
physi- or chemisorped precursor in a self-limiting manner.
Any excess reducing gas is removed from the reactor by
purging and/or evacuating the reactor. If the desired film is
a Group 4 transition metal film, this two-step process may
provide the desired film thickness or may be repeated until
a film having the necessary thickness has been obtained.
[0228] Alternatively, if the desired film contains Group 4
transition metal and a second element, the two-step process
above may be followed by introduction of the vapor of an
additional precursor compound into the reactor. The addi-
tional precursor compound will be selected based on the
nature of the Group 4 transition metal film being deposited.
After introduction into the reactor, the additional precursor
compound is contacted with the substrate. Any excess pre-
cursor compound is removed from the reactor by purging
and/or evacuating the reactor. Once again, a desired gas may
be introduced into the reactor to react with the precursor
compound. Excess gas is removed from the reactor by
purging and/or evacuating the reactor. If a desired film
thickness has been achieved, the process may be terminated.
However, if a thicker film is desired, the entire four-step
process may be repeated. By alternating the provision of the
Group 4 transition metal-containing compound, additional
precursor compound, and reactant, a film of desired com-
position and thickness can be deposited.

[0229] When the reactant in this exemplary ALD process
is treated with a plasma, the exemplary ALD process
becomes an exemplary PEALD process. The reactant may
be treated with plasma prior or subsequent to introduction
into the chamber. In a second non-limiting exemplary ALD
type process, the vapor phase of one of the disclosed Zr
-containing precursors, for example Me;CpZr((—O—CH,-
CH,—);N), is introduced into the reactor, where it is con-
tacted with a TiN substrate. Excess Zr—containing precur-
sor may then be removed from the reactor by purging and/or
evacuating the reactor. A desired gas (for example, O,) is
introduced into the reactor where it reacts with the absorbed
Zr—containing precursor in a self-limiting manner to form
a ZrO, film. Any excess oxidizing gas is removed from the
reactor by purging and/or evacuating the reactor. These two
steps may be repeated until the ZrO, film obtains a desired
thickness. The resulting TiN/ZrO,/TiN stack may be used in
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DRAM capacitors. The ZrO, metal oxide film may be
included within a more complex stack containing a laminate
of various metal oxides. Typically, ZrO,/Al,0,/7ZrO, stacks
are used, but also TiO,/ZrO,/Al,05/7r0,, 7ZrO,/Nb,O,/
7r0,, ZrO,/Hf0O,/Ti0,/7r0,, etc.

[0230] The Group 4 transition metal-containing films
resulting from the processes discussed above may include a
Group 4 transition metal oxide (MM',0,, wherein i ranges
from 0 to 1; x ranges from 1 to 6; and M is selected from a
Group 3 element, a different Group 4 element (i.e., M=M"),
a Group 5 element, a lanthanide, Si, Al, B, P or Ge) or a
Group 4 transition metal oxynitride (MM',N,O,, wherein i
ranges from O to 1; x and y range from 1 to 6; and M is
selected from a Group 3 element, a different Group 4
element (i.e., M=M"), a Group 5 element, a lanthanide, Si,
Al B, Por Ge). One of ordinary skill in the art will recognize
that by judicial selection of the appropriate disclosed com-
pound, optional precursor compounds, and reactant species,
the desired film composition may be obtained.

[0231] Upon obtaining a desired film thickness, the film
may be subject to further processing, such as thermal
annealing, furnace-annealing, rapid thermal annealing, UV
or e-beam curing, and/or plasma gas exposure. Those skilled
in the art recognize the systems and methods utilized to
perform these additional processing steps. For example, the
Group 4 transition metal-containing film may be exposed to
a temperature ranging from approximately 200° C. and
approximately 1000° C. for a time ranging from approxi-
mately 0.1 second to approximately 7200 seconds under an
inert atmosphere, a H-containing atmosphere, a N-contain-
ing atmosphere, an O-containing atmosphere, or combina-
tions thereof. Most preferably, the temperature is 400° C. for
3600 seconds under a H-containing atmosphere or an O-con-
taining atmosphere. The resulting film may contain fewer
impurities and therefore may have an improved density
resulting in improved leakage current. The annealing step
may be performed in the same reaction chamber in which the
deposition process is performed. Alternatively, the substrate
may be removed from the reaction chamber, with the anneal-
ing/flash annealing process being performed in a separate
apparatus. Any of the above post-treatment methods, but
especially thermal annealing, has been found effective to
reduce carbon and nitrogen contamination of the Group 4
transition metal-containing film. This in turn tends to
improve the resistivity of the film.

[0232] It will be understood that many additional changes
in the details, materials, steps, and arrangement of parts,
which have been herein described and illustrated in order to
explain the nature of the invention, may be made by those
skilled in the art within the principle and scope of the
invention as expressed in the appended claims. Thus, the
present invention is not intended to be limited to the specific
embodiments in the examples given above and/or the
attached drawings.

We claim:

1. A Group 4 transition metal-containing film forming
composition comprising a Group 4 transition metal precur-
sor having the formula L.,—M—C.R,-[(CER,),,-(CER,),,-
OJ]—, referring to the following structure formula:
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wherein M is Ti, Zr, or Hf bonded in an 1° bonding mode
to the Cp group; each E is independently C, Si, B or P;
m and n is independently 0, 1 or 2; m+n>1; each R is
independently a hydrogen or a C,-C, hydrocarbon
group; and each L is independently a -1 anionic ligand.

2. The Group 4 transition metal-containing film forming
composition of claim 1, wherein the -1 anionic ligand is
selected from the group consisting of NR',, OR', Cp, amidi-
nate, f-diketonate, and keto-iminate, wgerein R' is H or a
C,-C, hydrocarbon group.

3. The Group 4 transition metal-containing film forming
composition of claim 2, wherein E is C.

4. The Group 4 transition metal-containing film forming
composition of claim 3, wherein M is Ti.

5. The Group 4 transition metal-containing film forming
composition of claim 4, wherein the Group 4 transitional
metal precursor is selected from the group consisting of
(NH,),-Ti—CsH,-[(CH,),—Ol—  (NMe,),-Ti—C,H,-
[(CH,),—O]—, (NEt,),-Ti-CsH,-[(CH,),—O]—, (N"Pr,)
o~ Ti—C5H,A{(CH,),—Ol—, (N'Pr),-Ti—C5H,{(CH,),—
O]—, (N"Bu,),-Ti—CsH,-[(CH,),—O]—, (N'Bu,),-Ti—
C3H,[(CH,),—O]—, (N°Bu,),-Ti—C,H,[(CH,),—O]—,
(NBu,),-Ti—CsH,-[(CH,),—Ol—, (NHMe),-Ti—CsH,-
[(CH,),—Ol—  (NHE{),-Ti—CsH,-[(CH,),—Ol—,
(NH"Pr),-Ti—CsH,-[(CH,),—O0]—, (NHPr),-Ti—CsH,-
[(CH,),—O]—, (NH"Bu),-Ti—CsH,-[ (CH,),—O]—,
(NH'Bu),-Ti—CsH,-[(CH,),—0]—, (NH’Bu),-Ti—CsH,-
[(CH,),—O]—, (NHBu),-Ti—C,H,-[(CH,),—O]—,
(NMeEt),-Ti—CsH,-[(CH,),—0]—, (NMe"P11,-Ti—
CsH,-[(CH,),—O]—  (NMe'P11,-Ti—CsH,-[(CH,),—
O]—, (NMe”"Bu),-Ti—CsH,-[(CH,),—O0]—, (NMe'Bu),-
Ti—CsH,-[(CH,),—O]—, (NMe'Bu),-Ti—CsH,-[(CH,)
>—0]—, (NMeBu),-Ti—C,H,-[(CH,),—O]—, (NEt"Pr)
»-Ti—CsH,-[(CH,),—O]—, (NEt'Pr),-Ti—CsH,- [(CH,)
>—O]—, NEt"Bu),-Ti—C;H,-[(CH,),—O]—, (NEt'Bu),-
Ti—CsH,-[(CH,),—O]—,  (NEt'Bu),-Ti—CsH,-[(CH,)
»—0]—, (NEt'Bu),-Ti—CsH,-[(CH,),—O]—, (N"PFPr),-
Ti—CsH,-[(CH,),—O]—, (N"Pr"Bu),-Ti—CsH,-[(CH,)
»—O0]—, (N"Pr'Bu),-Ti—CsH,-[(CH,),—O]—, (N"Pr'Bu)
o~ Ti—CsH,-[(CH,),—O0]—, (N"PrBu),-Ti—CH,-[(CH,)
>—O0]—, (N'Pr"Bu),-Ti-CsH,-[(CH,),—O]—, (N'PrBu),-
Ti—C,H,-[(CH,),—O0]—, (NPr'Bu),-Ti—C,H,-[(CH,)
»—O0]—, (N’Pr'Bu),-Ti—CsH,-[(CH,),—O]—, (N"Bu’l3u)
>-Ti—CsH,-[(CH,),—O]—, (N"Bu'Bu),-Ti-CsH,-[(CH,)
—0l—, (N"Bu'Bu),-Ti—CsH,-[(CH,),—O]—,
(N'Bu’Bu),-Ti—CsH,-[(CH,),—O]—,  (N'BuBu),-Ti—
CsH,-[(CHy),—Ol—  (N"BuBu),-Ti—CsH,-[(CH,),—
O]—, (NH,)(Cp)-Ti-CsH,-[(CH,),—O]—, (NMe,)(Cp)-
Ti—CsH,-[(CH,),—O}—,  (NEt,)(Cp)-Ti—C;H,-[(CH,)
»—O]— (N"Pr,)(Cp)-Ti—CsH,-[(CH,),—O]—, (N'Pr,)
(Cp)-Ti—C5H4-[(CH_2)2—O]—, (N"Bu,)(Cp)-Ti-CsH,-
[(CHO,—O}—,  (NTu,)(Cp)-Ti—Cs'-1,-[(CH,),—O]—,
(N"Bu,)(Cp)-Ti—CsH,-[(CH,),—Ol—, (NBu,)(Cp)-Ti—
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CsH4-[(CH,),—O0]—,  (NHMe)(Cp)-Ti—CsH,-[(CH,),—
O]—, (NHEH(Cp)-Ti—C,H,-[(CH,),—O]—, (NH"Pr)
(Cp)-Ti—CsH,-[(CH,)>—O)—, (NH'Pr)(Cp)-Ti-CsH,-
[(CH,),—O]—, (NH'Bu)(CO-Ti—C;H,[(CH,),—O]—,
(NH'BOCp)-Ti—CsH,-[(CH,),—O]—, (NIFBu)(Cp)-Ti—
CsH4-[(CH,),—O0]—  (NHBu)(Cp)-Ti—CsH,-[(CH,),—
O]—, (NMeE)(Cp)-Ti—CsH,-[(CH,),—O]—, (NMe"Pr)
(Cp)-Ti—C3H,A{(CH,),—O}—, (NMePr)(Cp)-Ti—CoH,
[(CH,),—O]—, (NMe"Bu)(Cp)-Ti—CsH,-[(CH,),—O}—,
(NMe'13u)(Cp)-Ti—CH,-[(CH,) ,—O]—, (NMe*Bu)(Cp)-
Ti—CsH,-[(CH,),—0]—, NMe‘BOCO-Ti—CsH,-[(CH,)
+—O}—, (NEC'Pr)(Cp)-Ti—C5H,-[(CH,),—O] —, (NaPr)
(Cp)-Ti—CH [(CH,),—O}—, (NEUBu)(Cp)-Ti—C4H,-
[(CH,),—O]—, (NEtBu)(Cp)-Ti—C5H,[(CH,),—O]—,
(NE£Bu)(Cp)-Ti—CyH,-[(CH,),—O] —,  (NEBu)(Cp)-
Ti—CsH,-[(CH,),—O]—, (N"Pr'Pr)(CO-Ti—CsH,-[(CH,)
—O]—, (N"Pr"BL)(CO-Ti—CsH,-[(CH,),—O]—,
(N"PYBu)(CO-Ti—CH,-[(CH,),—O0]—, (N"Pr'BL)(CO-
Ti—CsH,-[(CH,),—O0]—, N"Pra)(CO-Ti—CsH,-[(CH,)
O, (N'Pr"Bu)(Cp)-Ti—C,H,[(CHL,), O],
(N'PF 130)(Cp)-Ti—CH,[(CH,),—O]—, (N'PrBu)(Cp)-
Ti—CsH,-[(CH,),—O]—, (N"Pr'Bu)(Cp)-Ti—CsH,-
[(CH),—O—  (N"BulBu)(Cp)-Ti—C,H,{(CH,),
Ol (N"BuBu)(Cp)-Ti—CyH,{(CH,), O],
("BuBu)(Cp)-Ti—C,H,[(CH,),—O]—, (NBuBu)(Cp)-
Ti—CsH,-[(CH,),—O]—, (N'Bu’Bu)(Cp)-Ti—CsH,-
[(CH,),— O} —, (N*BuBu)(Cp)-Ti—C;H{(CH,);—O]—,
(OH)-Ti—CyH,[(CH,),—O]—, (OMe)-Ti—C,H,-[(CH,)
—O]—, (OEn)-Ti—CsH,-[(CH,),—O]—, (O"Pr)-Ti—
CHA(CH,), O], (O'Py-Ti-CyH(CIL), O,
(O"Bu)-Ti—CH,-[(CH,),—O]—, (O'Bu)-Ti—C;H,-
[(CH,),—O}—, (OBu)-Ti—C5H,{(CH,),—O]—, (O'Bu)-
Ti—CsH,-[(CH,),—O]—, (NH,),-Ti—CsH;-1-Me-3-
[(CH,)>,—O]—, (NMe,),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NEt,),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr,)
»-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NPr,),-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (N"Bu,),-Ti—CH;-1-Me-3-[(CH,)
»—O]—, (N'Bu,),-Ti—C;H;-1-Me-3-[(CH,),—O]—,
(N*Bu,),-Ti—C,H;-1-Me-3-[(CH,),—O]—, (N'Buy),-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (NH Me),-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (NHE),-Ti—CsH;-1-Me-3-[(CH,)
»—O]—, (NH"Pr),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NH’Pr),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NH"Bu),-
Ti—C,H;-1-Me-3-[(CH,),—O0]—, (NH'Bu),-Ti—CsH,-1-
Me-3-[(CH,),—O]—, (NH*Bu),-Ti—CsH;-1-Me-3-[(CH,)
»—O]—, (NHBu),-Ti—CsH;-1-Me-3-[(CH,),—O0]—,
(NMeEt),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NMe"Pr),-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (NMe'Pr),-Ti—CsH,-
1-Me-3-[(CH,),—O]—, (NMe"Bu),-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (NMe'Bu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NMe’Bu),-Ti—C,H;-1-Me-3-[(CH,),—O]—,
(NMe'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEt"Pr),-
Ti—C,H;-1-Me-3-[(CH,),—O0]—, (NEt'Pr),-Ti—CsH,-1-
Me-3-[(CH,),—O]—, (NEt"Bu),-Ti—CsH;-1-Me-3-
[(CH,),—O}—, (NEt'Bu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NEt'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NEt'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N"PrPr),-
Ti—C,H;-1-Me-3-[(CH,),—O]—, (N"Pr"Bu),-Ti—CH,-
1-Me-3-[(CH,),—O]—, (N"Pr'Bu),-Ti—CH,-1-Me-3-
[(CH,),—O]—, (N"Pr'Bu),-Ti—CH;-1-Me-3-[(CH,),—
O]—, (N"PY'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N’Pr"Bu),-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N’Pr'Bu),-
Ti—CsH;-1-Me-3-[(CH,),—0]—, (N'Pr’Bu),-Ti—C,H;-
1-Me-3-[(CH,),—O]—, (N’Pr'Bu),-Ti—CsH;-1-Me-3-
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[(CH,),—O]—, (N"Bu'Bu),-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (N"Bu’Bu),-Ti—CH;-1-Me-3-[(CH,),—O]—,
(N"Bu'Bu),-Ti—CsH;-1-Me-3-[(CH,),—O0]—, (N'Bu’Bu)
»-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N'BuBu),-Ti—
C,H;-1-Me-3-[(CH,),—O]—,  (N°Bu’‘Bu),-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (NH,)(Cp)-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (NMe,)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (NEt,)(Cp)-Ti—C;sH,-1-Me-3-[(CH,),—O]—,
(N"Pr,)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (N'Pr,)
(Cp)-Ti—C;H;-1-Me-3-[(CH,),—O]—, (N"Bu,)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O0]—, (N'Bu,)(Cp)-Ti—CsH;-1-
Me-3-[(CH,),—O]—, (N°Bu,)(Cp)-Ti—CsH;-1-Me-3-
[(CH,),—O}—, (N'Bu,)(Cp)-Ti—C;H,-1-Me-3-{(CH,),—
O]—, (NHMe)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(NHEt)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NH"Pr)
(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NH'Pr)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (N1-113u)(Cp)-Ti—CsH;-
1-Me-3-[(CH,),—O]—, (NH'Bu)(Cp)-Ti—CsH,-1-Me-3-
[(CH,),—O]—, (NH13u)(Cp)-Ti—CsH;-1-Me-3-[(CH,)
O, (NHBu)(Cp)-Ti——Cyl1,-1-Me:3{(CH,), Ol —,
(NMeEt)(Cp)-Ti—CsH;-1-Me-3-[(CH,),-O]—, (NMe"Pr)
(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,  (NMe’Pr)(Cp)-
Ti—CsH;-1-Me-3-[(CH,),—O]—,  (NMe”Bu)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (NMe’'Bu)(Cp)-Ti—CsH,-1-
Me-3-[(CH,),—O]—, (NMe'Bu)(CO-Ti—CH;-1-Me-3-
[(CH,),—O]—, (NMeBu)(Cp)-Ti-CsH;-1-Me-3-[(CH,)
,—O]—, (NEt"Pr)(Cp)-Ti—C,H;-1-Me-3-[(CH,),—O]—,
(NEt'Pr)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEC'Bu)
(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (NEtBu)(Cp)-
Ti—C,H;-1-Me-3-[(CH,),—O]—, (NEf13u)(Cp)-Ti—
CsH;-1-Me-3-[(CH,),—O0]—, (NEtBu)(Cp)-Ti—CsH;-1-
Me-3-[(CH,),—O]—, N"Pr'Pr)(Cp)-Ti—CsH,-1-Me-3-
[(CH,),—O]—, (N"Pr"Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,)
»—O0]—, (N"Pr'13u)(Cp)-Ti—CsH;-1-Me-3-[(CH, ),—
O]—,  (N"Pri3u)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N"Pr'Bu)(Cp)-Ti-CsH,-1-Me-3-[(CH,),—O]—, (N'Pr"Bu)
(Cp)-Ti—C,H;-1-Me-3-[(CH,),—O0]—,  (N'P/Bu)(Cp)-
Ti—CsH;-1-Me-3-[(CH,),—O]—, (N'PM3u)(Cp)-Ti—
C,H;-1-Me-3-[(CH,),—O0]—, (N'PrBu)(Cp)-Ti—C,H,-1-
Me-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)-Ti—CsH,-1-Me-3-
[(CH,),—O]—, (N"Bu’13u)(Cp)-Ti—CsH;-1-Me-3-[(CH,)
»—O0]—, (N"BuBu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—
O]—, (N'Bu’Bu)(Cp)-Ti—CsH;-1-Me-3-[(CH,),—O]—,
(N‘Bu’Bu)(Cp)-Ti-C5H;-1-Me-3-[(CH,,),—O]—, (N°-
Bu'Bu)(CO-Ti—CsH;-1-Me-3-[(CH,,),—O]—, (OH)-Ti-
C;H;-1-Me-3-[(CH,),—O]—, (OMe)-Ti—CH;-1- Me-3-
[(CH,),—O]—, (OEt)-Ti—CsH;-1-Me-3-[(CHO,—O]—,
(O"Pr)-Ti—CsH;-1-Me-3-[(CH,),—O]—, (O'Pr)-Ti—
CsH;-1-Me-3-[(CH,),-O]—,  (O"Bu)-Ti—CsH;-1-Me-3-
[(CH,),—O]—, (O'Bu)-Ti—C,H,-1-Me-3-[(CH,),—O] —,
(0°13u)-Ti—CsH;-1-Me-3-[(CH,),—0]—,  (OBu)-Ti—
CsH;-1-Me-3-[(CH,),—O]—, (NH,),-Ti- CsH;-1-Pr-3-
[(CH,),—O]—, (NMe, ),-Ti—CsH;-1-Pr-3-[(CH,),—
O]—, (NEt,),- Ti—C,H;-1-"Pr-3-[(CH,),—O]—, (N"Pr;),-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr,),-Ti—CsH;-1-
Pr-3-[(CHO,—O]—, (N"Bu,),-Ti—CsH;-1-"Pr-3-[(CH,)
»—0]— (N'Bu,),-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(N°Bu,),-Ti—CH,-1-"Pr-3-[(CH,),—O]—, (N'Bu,),-Ti—
CsH;-1-"Pr-3-[(CH,),—O]—, (NHMe),-Ti—CsH;-1-Pr-3-
[(CH,),—Ol—  (NHED),-Ti—C,H,-1/Pr:3-[(CH,),—
O]—, (NH"Pr),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NH’Pr)
2-Ti—C5H3-l-iPr-3-[(CH2)2—O]—_, (NH"Bu),-Ti—C,H;-
1-'Pr-3-[(CH,),—O]—, (NH'13u),-Ti—CsH;-1-Pr-3-
[(CH,),—O}—,  (NH’Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—
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O]—, (NH'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NMeEt),-Ti—C,H;-1-Pr-3-[(CH,),—O]—, (NMe"Pr),-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe'Pr),-Ti—CsH,-1-
Pr-3-[(CH,),—O]—, (NMe"Bu),-Ti—CsH;-1-"Pr-3-
[(CH,),—O]—, (NMe'Bu),-Ti—CsH,;-1-Pr-3-[(CH,),—
O]—, (NMe*Bu),-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(NMe'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NEt"Pr),-
Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (NEt'Pr),-Ti—CsH;-1-
Pr-3-[(CH,),—O]—, (NE{"Bu),-Ti—CsH;-1-"Pr-3-[(CH,)
»—0]—, (NEtBu),-Ti—CiH;-1  Pr-3-[(pp)s—O)—,
(NEt°Bu),-Ti—CsH;-1-Pr-3-[(CH,),—O0]—, (NEt'Bu),-
Ti—CsHy-1 "Pr-3-[(can)aop . o PrPr),-Ti—CsH,-1-Pr-
3-[(CH,),—O]—, (N"Pr"Bu),-Ti—C,H,-1-'Pr-3-[(CH,)
»—O0]—,  (N"Pr13u),-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(N"Pr’Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N"Pr'Bu),-
Ti—CsH;-1-"Pr-3-[(CH,),—O0]—, (NPr"Bu),-Ti—C,H;-
1-'Pr-3-[(CH,),—O]—, (N’Pr’Bu),-Ti—CH,-1-Pr-3-
[(CH,),—O]—, (N"Pri3u),-Ti—CsH,;-1-"Pr-3-[(CH,),—
O]—, (N’Pr'Bu),-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(N"Bu'l3u),-Ti—C,H;-1-Pr-3-[(CH,),—O]—, (N"Bu*Bu)
»-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N"BAU),-Ti—C H,-
1-'Pr-3-[(CH,),—O]—, (N'Bu’Bu),-Ti—CsH;-1-"Pr-3-
[(CH,)>—O]—, (NlButB_u)z-Ti—CS H;-1 /Pr-3-[(czr2)2-01—,
«*BuBu),-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (NH,)(Cp)-
Ti—C,H;-1-"Pr-3-[(CH,),—O0]—, (NMe,)(Cp)-Ti—C,H,-
1-'Pr-3-[(CH,),—O]—, (NEt,)(Cp)-Ti—CsH,-1-"Pr-3-
[(CH)y— O —, (N"Pr)Cp)-Ti—CHy-1Pr3-{(CH,),
O (NPr,)(Cp)-Ti—CsH,-1Pr-3-{(CH,),—Of
(N"Bu,)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,  (N'Bu,)
(Cp)-Ti—C,H;-1-"Pr-3-[(CH,),—O]—, (N°Bu,)(Cp)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—, (N'Bu,)(Cp)-Ti—CsH;-1-
Pr-3-[(CH,),—0]—, (NH Me)(Cp)-Ti—CsH,-1-Pr-3-
[(CH,),—O]—, (NHE{)(Cp)-Ti—CsH,-1-Pr-3-{(CH,),
O]—, (NH"Pr)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NH’Pr)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O}]—, (NH"Bu)
(Cp)-Ti—C5sH;-1-Pr-3-[(CH,),—O]—, (NH'Bu)(Cp)-Ti—
C,H;-1-"Pr-3-[(CH,),—O]—, (NH*Bu)(Cp)-Ti—CsH,-1-
Pr-3-[(CH,),—0O]—, (NH Bu)(Cp)-Ti—CsH;-1-"Pr-3-
[(CH,),—O]—, (NMeEt)(Cp)-Ti—CsH;-1-Pr-3-[(CH,)
»—O]—, (NMe"Pr)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NMe’Pr)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NMe”Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(NMe’Bu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(NMe*Bu)(Cp)-Ti—CsH,-1-"Pr-3-[(CH,),—O]—,
(NMe'Bu)(Cp)-Ti—C sH;-1-"Pr-3-[(CH,),—O]—, (NEt"Pr)
(Cp)-Ti—CH,;-1-"Pr-3-[(CH,),—O]—, (NE'Pr)(Cp)-Ti—
CsH;-1-"Pr-3-[(CH,),—O]—, (NEt"Bu)(Cp)-Ti—CsH,-1-
Pr-3-[(CH,),—O]—, (NEt'Bu)(Cp)-Ti—CsH;-1-Pr-3-
[(CH,),—O]—, NEt'Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,)
»—0]—, (NEt'Bu)(Cp)-Ti-CsH;-1-"Pr-3-[(CH,),—O]—,
(N"PYPr)(Cp)-Ti—CsH,-1-"Pr-3-[(CH,),—O]—,
(N"Pr"Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—,
(N"PP13u)(Cp)-Ti—CsH,-1-"Pr-3-[(CH,),—O]—,
(N"Pr’Bu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—,
(N"PrBu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (N”
Pr'Bu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (N'PriBu)
(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (N’Pr*Bu)(Cp)-
Ti—C,H;-1-Pr-3-[(CH,),—O]—, (N'PrBu)(Cp)-Ti—
CsH;-1-"Pr-3-[(CH,) ,—O]—, (N"Bu’Bu)(Cp)-Ti—CsH,-1-
Pr-3-[(CH,),—0]—, ON"Bu’Bu)(Cp)-Ti—CsH,-1-Pr-3-
[(CH,),—O]—, (N"BuBu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,)
»—O0]—, (N'Bu’Bu)(Cp)-Ti-CsH;-1-"Pr-3-[(CH,),—O]—,
(N"BuBu)(Cp)-Ti—CsH;-1-Pr-3-[(CH,),—O]—, (N°-
BuBu)(Cp)-Ti—CsH;-1-"Pr-3-[(CH,),—O]—, (OH)-Ti—
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CsH;-1-Pr-3-[(CH,),—O]—, (OMe)-Ti—CsH;-1-Pr-3-
[(CH,),—Ol—, (OBt)-Ti—C,H,-1-Pr-3-[(CH,),—O]—,
(O"Pr)-Ti-CsH;-1-Pr-3-[(CH,),—O]—, (O'Pr)-Ti—CsH,-
1-Pr-3-[(CH,),—O]—, (0"Bu)-Ti—CsH,-1-"Pr-3-[(CH,)
>—O0]—, (O'Bu)-Ti—C5H;-1-"Pr-3-[(CH,),—O]—,
(O°Bu)-Ti—C,H,-1-"Pr-3-[(CH,),—O]—, and (O'Bu)-Ti—
CsH;-1-Pr-3-[(CH,),—O]—

6. The Group 4 transition metal-containing film forming
composition of claim 3, wherein M is Zr.

7. The Group 4 transition metal-containing film forming
composition of claim 6, wherein the Group 4 transitional
metal precursor is selected from the group consisting of
(NH,),—7Zr—C,H,-[(CH,),—O}—, (NMe,),—7Zr—CH,-
[(CH),—O}—  (NEtp),—Zr—CyH,(CH,),—O]—,
(N"Pr;),—Zr—CsH,-[(CH,),—O]—, (N'Pry),—Zr—
CsHy-[(CHy),—0]—, (N"Bu,),—Zr—CsH,-[(CH, ),—
O]—, (N'Bu,),—Zr—CsH,-[(CH,),—O]—, (N"Bu,),—
Zr—CH,[(CH,),—O]—,  (NBu,),—Zr—C;H,-[(CH,)
»—O]— (NHMe),—Zr—CsH,-[(CH,),—O]—, (NHE)
—Zr—CH,-[(CH,),—O]—, (NH"Pr),—Zr—CH,-
[(CH,),—O]—, (NH'Pr),—Zr—CsH,-[(CH,),—O]—,
(NH"Bu),—Zr—CsH,-[(CH,),—O0]—, (N1-1'Bu),—Zr—
CsHy-[(CHy),—0]—  (NHBu),—Zr—CH,-[(CH, ),—
O]—, (NHBu),—Zr—CsH,-[(CH,),—O0]—, (NMeEt),—
Zr—C,H,-[(CH,),—O]—, (NMe"Pr),—Zr—CsH,-[(CH,)
2 — (NMe'Pr),—Zr—CsH,-[(CH,),—O]—,
(NMe"Bu),—Zr—C,H,-[(CH,),—O]—, (NMe'Bu),—
Zr—CsH,-[(CH,),—0O]—, (NMe*Bu),—Zr—CsH,-[(CH,)
»—0]—, (NMeBu),—Zr—CsH,-[(CH,),—0]—, (NEt-
"Pr)y—Zr—CsH,-[(CH,),—O0]—, (NEt'Pr),—Zr—C,H,-
[(CH,),—0]—  (NEt'Bu),—Zr—C,H,-[(CH,),—O]—,
(NEt'Bu),—Zr—C,H,-[(CH,),—O]—, (NEt'Bu),—Zr—
CsHy[(CHy),—Ol—  (NEtBu),—Zr—CsH,-[(CH,),—
O]—, (N"Pr'Pr),—Zr—CsH,-[(CH,),—O}—, (N"Pr"Bu)
»—2Zr—CsH,-[(CH,),—O]—, (N"Pr'Bu),—Zr—CH,-
[(CH,),—O0]—, (N"PrBu),—Zr—CH,-[(CH,),—O]—,
(N"PYBu),—Zr—CH,-[(CH,),—O]—, (N'Pr"Bu),—Zr—
CsH,-[(CH,),—O]—,  (N'PrBu),—Zr—CsH,-[(CH,),—
O]—, (NPr'Bu),—Zr—C,H,-[(CH,),—O]—, (N'PrBu)
»—Zr—CsH,-[(CH,),—O0]—,  (N"Bu'Bu),—Zr—CsH,-
[(CH,),—O]—, (N"BwBu),—Zr—CH,-[(CH,),—O]—,
(N"Bu'Bu),—Zr—CsH,-[(CH,),—O]—, (N'Bu*Bu),—
Zr—CsH,-[(CH,),—O]—, (N'BuBu),—Zr—CsH,-[(CH,)
240]*5 (NSBAU)2—ZI‘—C5H4-[(CH2)2—0]—, (NHz)
(Cp)—Zr—CHA(CH,),—OF—,  (NMe,)(Cp)—Zr—
CsH,-[(CH,),—O]—,  (NEt)(Cp)—Zr—CH,-[(CH,),—
O]—, (N"Pr,)(Cp)—Zr—CsH,-[(CH,),—O]—, (N'Pry)
(Cp)—Zr—CsH,-[(CH,),—O]—, (N"Bu,)(Cp)—Zr—
CsH,-[(CH,);—Ol—, (N'Bu,)(Cp)—Zr—CsH,-[(CH,)—
O]—, (N°Bu,)(Cp)—Zr—CsH,-[(0-1,),—O]—, (N'Bu,)
(Cp)—Zt—CaH,(CHy),—Ol—,  (NHMe)(Cp)—Zr—
CsHy-[(CH,),—O0)—, (NHEQ)(Cp)—Zr—CsH,-[(CH, ),—
O], (NH'Pr)(Cp)— Zr—C,H(CH,), O} . (NEPr)
(Cp)—Zr—CSH(CH,),—O]—,  (NH"Bu)(Cp)—Zr—
CsH,-[(CH,),—O]—, NH'Bu)(Cp)—Zr—CsH,-[(CI-15,),-
O], (NHBu)(Cp)—Zt—C,H,-[(CH,),—O]—, (NHBu)
(Cp)—Zt—CSH,(CH,),—O]—,  (NMeE)(Cp)—Zr—
CoHA(CH,),—O]—,  (NMe"Pr)(Cp)—Zr—CyH,-[(CH,)
~Ol—  (NMePr)(Cp)—Zr—CsH,[(CH,), O],
(NMe”Bu)(Cp)—Z2r—C,H,-[(CH,),—O]—, (NMe'Bu)
(Cp)—Zt—CSH[(CH,),—O]—,  (NMe'Bu)(Cp)—Zr—
CsH,-[(CH,),—Ol—  (NMeBu)(Cp)—Zr—CsH,-[(CH,)
+O]—  (NEtPr)(Cp)—Zr—CsH,[(CH,), O],
(NEEPr)(Cp)—Zr—CsH,-[(CH,),—O]—, (NETBu)(Cp)—
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Zr—CsH,-[(CH,),—O]—, (NEt'Bu)(Cp)—Zr—CH,-
[(CH,),—Ol—, (NECBu)(Cp)—Zr—CsH,-[(CH,),—
O]—, (NEt'Bu)(Cp)—Zr—CsH,-[(CH,),—O]—, (N"PrPr)
(Cp)—Zr—CsH,-[(CH,),—O]—, (N"Pr"Bu)(Cp)—Zr—
CsH,-[(CH,),—O]—, (N"PrBu)(Cp)—Zr—CH,-[(CH,)
—0l—, (N"PrBu)(Cp)—Zr—CsH,-[(CH,),—O}—,
(N"Pr'Bu)(Cp)—~Zr—CsH,-[(CH,),—O]—, (N'Pr"Bu)
(Cp)—Zr—CsH,-[(CH,),—Ol—,  (N"PrBu)(Cp)—Zr—
CsH,-[(CH,),—0]— (NiPrg Bu)(Cp)—~Zr—C;sH,-[(CH,)
»—O]—, (N'PrBOCO—Zr—C,H,-[(CH,),—O]—,
(N"Bu'BOCO—Zr—C;H,-[(CH,),—O]—, (N"Bu’BL)
(Cp)—Zr—CsH,-[(CH,),—O]—, (N"BALO(Cp)—Zr—
C,H,-[(CH,),—O]—, (N'Bu'BOCp)—Zr—CH,-[(CH,)
—0l—, (N'Bu'BL)(Cp)—Zr—CsH,-[(CH,),—O]—,
(N*BuBu)(Cp)—2Zr—C5sH,-[(CH,),—O]—, (OH)—Zr—
CsH,-[(CH,),—0]— (OMe)—Zr—C;sH,-[(CH,),—O]—,
(OEt)y—Zr—C,H,-[(CH,),—O]—, (O"Pr)—Zr—CH,-

[(CH,),—Ol—, (O'Pr)—Zr—C;H,-[(CH,),—O]—,
(0"Bu)—Zr—CsH,-[(CH,), O] —, (O'Bu)—Zr—CsH,-
[(CH,),—O]—, (O°Bu}—Zr—C H,~[(CH,),—Ol—,

(O'Bu)—Zr—C,H,-[(CH,),—O]—,
1-Me-3-[(CH,),—O]—,

(NH,)>,—Zr—CsH;-
(NMe,),—7Zr—CH;-1-Me-3-
[(CHy)>—O0l—  (NEt),—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (N"Pr;),—Zr—CsH;-1-Me-3-[(CH,),—O}—,
(N'Pr,),—Zr—C,H;-1-Me-3-[(CH,),—O}]—, (N"Bu,),—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'Bu,),—Zr—CsH,-
1-Me-3-[(CH,),—O]—, (N°Bu,),—Zr—C,H;-1-Me-3-
[(CH,),—Ol—, (N'Bu,),—Zr—CsH;-1-Me-3-[(CH,),—
O], ((NH Me),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NHEt),—Zr—CH;-1-Me-3-[(CH,),—O]—, (NH"Pr),—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (NHPr),—Zr—CsH,-
1-Me-3-[(CH,),—O]—, (NH"Bu),—Zr—CH,-1-Me-3-
[(CH,),—O]—, (NHBu),—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NH*Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NHBu),—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NMeEt)
»—2Zr—CsH;-1-Me-3-[(CH,),—O]—, (NMe"Pr),—Zr—
C,H;-1-Me-3-[(CH,),—O0]—, (NMe'Pr),—Zr—CsH,-1-
Me-3-[(CH,),—O]—,  (NMe"Bu),—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (NMéeBu),—Zr—CsH,-1-Me-3-[(CH,)
»—O]—, (NMe’Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NMeBu),—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NEt"Pr)
»—2r—CsH;-1-Me-3-[(CH,),—O]—,  (NEt'Pr),—Zr—
CsHj-1 s 57[(CH3),—0O]—, (NEt"Bu),—Zr—C,H;-1-
Me-3-[(CH,),—O]—, (NEtBu),—Zr—C,H,-1-Me-3-
[(CH,),—O]—, (NEt'Bu),—Zr—CsH;-1-Me-3-[(CH,),—
Ol— (NEtBu),—Zr—CsHy-1 1z 37[(czr2)2-0—, o PrPr)
»—2Zr—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr"Bu),—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N"Pr'Bu),—Zr—CsH;-1-
Me-3-[(CH,),—O]—,  (N"Pr'Bu),—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (N"PrBu),—Zr—CsH;-1-Me-3-[(CH,)
»—0]—, (N'Pr"Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(N'Pr’Bu),—Zr—CsH,-1-Me-3-[(CH,),—O}—, (N'Pr'Bu)
y—2r—CH,;-1-Me-3-[(CH,),—O]—, (NPrBu),—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu’Bu),—Zr—CsH,-1-
Me-3-[(CH,),—O]—,  (N"Bu’Bu),—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (N"Bu'Bu),—Zr—CsH;-1-Me-3-[(CH,)
»—O0]—, (N'Bu’Bu),—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(N'BuBu),—Zr—CsHy-1 4y 37[(ca)z 01—, o BuBu),—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (NH,)(Cp)—Zr—
C,H;-1-Me-3-[(CH,),—O]—, (NMe,)(Cp)—Zr—CH;-1-
Me-3-[(CH,),—O]—,  (NEt,)(Cp)—Zr—CsH;-1-Me-3-
[(CH,),—O] —, (N"Pr,)(Cp)—Zr—CsH,-1-Me-3-[(CH,)
+—Ol—, (N'Pr,)(Cp)—Zr—C5H,-1-Me-3-[(CH,),—Ol—,
(N"Bu,)(Cp)—Zr—C5H;-1-Me-3-[(CH,),—O]—. (N'Bu,)
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(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
Zr—C,H;-1-Me-3-[(CH,),—O]—, (N‘Bu,)(Cp)—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (NHMe)(Cp)—Zr—CsH,-
1-Me-3-[(CH,),—O]—, (NHEt)(Cp)—Zr—CsH;-1-Me-3-
[(CH,),—Ol—, (NH"Pr)(Cp)—Zr—CsH,-1-Me-3-{(CH,)
»—O0]—, (NHPr)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (NH"Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(NHBu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,

(NH’Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (NH

(N°Bu,)(Cp)—

Bu)(Cp)—Zr—CH,-1-Me-3-[(CH,),— O]—,  (NMeE)
(Cp)—Zr—C5H;-1-Me-3-[(CH,),—O]—, (NMe”Pr)
(Cp)—Zr—CsH;-1-Me-3-[(CH,),— O] —, (N Me’Pr)
(Cp)—Zr—CH,-1-Me-3-[(CH,),— O] —, (NMe”Bu)
(Cp)—Zr—C3H;-1-Me-3-[(CH,),—O]—, (NMe'Bu)
(Cp)—Zr—C3H;-1-Me-3-[(CH,),—O]—, (NMe*Bu)
(Cp)—Zr—C3H;-1-Me-3-[(CH,),—O]—, (NMeBu)
(Cp)—Zr—C3H;-1-Me-3-[(CH,),—O]—, (NE"Pr)(Cp)—

Zr—C H;-1-Me-3-[(CH,),-O]—,
CsH;-1-Me-3-[(CH,),—O]—, (NEt"Bu)(Cp)—Zr—CsH,-
1-Me-3-[(CH,),—O]—, NEtBL)(CO—Zr—CH,-1-Me-
3-[(CH,),—O]—, (NEt'Bu)(Cp)—Zr—CsH;-1-Me-3-
[(CH,),—O0]—, (NEt'Bu)(CO—Zr—CsH,-1-Me-3-[(CH,)
»—O0]—, (N"Pr'Pr)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (N"Pr"Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(N"PYBu)(Cp)—Zr—CsH,-1-Me-3-[(CH,),—O]—,

(N"Pr'Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—,

(N"PYBu)(Cp)—Zr—CsH,-1-Me-3-[(CH,),—O0]—, (N-
Pr"Bu)(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'PrBu)
(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'Pr*Bu)
(Cp)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (N'PrBu)(Cp)—
Zr—CsH;-1-Me-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)—Zr—
C;H;-1-Me-3-[(CH,),—O]—, (N"Bu’Bu)(Cp)—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu'Bu)(Cp)—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N'Bu’Bu)(Cp)—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (N'Bu'Bu)(Cp)—Zr—C;H,-
1-Me-3-[(CH,),—O]—, (N°BuBu)(Cp)—Zr—CsH;-1-
Me-3-[(CH,),—O]—, (OH)—Zr—CH;-1-Me-3-[(CH,)
»—O0]—, (OMe)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (O
Ety—Zr—C.H,-1-Me-3-[(CH,),—O]—, (O"Pry—Zr—
CsH;-1-Me-3-[(CH,),—O]—, (O'Pr)—Zr—CsH;-1-Me-3-
[(CH,),—O]—, (O"Bu)—Zr—CsH;-1-Me-3-[(CH,),—
O]—, (O'Bu)—Zr—CsH;-1-Me-3-[(CH,),—O]—,
(O°Bu)—Zr—CsH;-1-Me-3-[(CH,),—O]—, (OBu)—
Zr—C,H;-1-Me-3-[(CH,),—O]—, (NH,),—Zr—C,H;-1-
Pr-3-[(CH,),—O]—, (NMe,),—Zr—CsH;-1-"Pr-3-[(CH,)
,—O]—, (NEt2)2 Zr—CsH;-1-"Pr-3- [(CHz)z—O]
(N"Pr,),—Zr—C;sH;-1- Pr-3- [(CHz) ,—O]— I\ Prz)z—
Zr—CsH,-1-"Pr-3- [(CHz)z—O] , (N” Buz)z—Zr—CSH3 -
1 -iPr-3 - [(CHz)z—O]—, (N'Bu,),—Zr—CsH;-1-Pr-3-
[(CHy),—O0l—  (N°Bu,),—Zr—CsH;-1-Pr-3-[(CH,),—
0]—, (N'Bu,),—Zr—CsH;-1-'Pr-3-[(CH,),—O0]—, (NH
Me),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NHEt),—Zr—
C,H,-1-"Pr-3-[(CH,),—O]—, (NH"Pr),—Zr—C H,-1-Pr-
3-[(CH,),—O]—, (NHPr),—Zr—CsH;-1-Pr-3-[(CH,),—
O]—, (NH"Bu),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—,
(NHBu),—Zr—CsH;-1-Pr-3-[(CH,),—0]—, (NH*Bu)
»—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NHBu),—Zr—
C,H;-1-"Pr-3-[(CH,),—O]—, (NMeEt),—Zr—C H,-1-"Pr-
3-[(CH,),—O]—, (NMe"Pr),—Zr—CsH;-1-"Pr-3-[(CH,)
»—0]—, (NMe'Pr),—Zr—CH,-1-"Pr-3-[(CH,),—O]—,
(NMe"Bu),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe'Bu)
»—Zr—CsH;3-1-Pr-3-[(CH,),—O]—, (NMe'Bu),—7Zr—
CsH;-1-Pr-3-[(CH,),—O]—, (NMe3u),—Zr—CsH;-1-
Pr-3-[(CH,),—O]—, (NEt"Pr),—Zr—CsH,-1-Pr-3-

(NEtPr)(Cp)—7Zr—
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[(CH,),—O}—, (NEtPr),—Zr—CsH;-1-"Pr-3-[(CH,),—
O]—, (NEt"Bu),—Zr—CH,-1-"Pr-3-[(CH,),—O]—,
(NEt'Bu),—Zr—CsH;-1-Pr-3-[(CH,),—O]—, (NEt'Bu)
—Zr—CsH;-1-"Pr-3-[(CH,),—O]—  (NEtBu),—Zr—
C,H,;-1-"Pr-3-[(CH,),—O] (N"Pr’Pr),—Zr—CsH,-1-
Pr-3-[(CH,),—O]—, (N"Pr"Bu),—Zr—CsH;-1-"Pr-3-
[(CH,),—O]—, (N"Pr'13u),—Zr—CsH;-1-"Pr-3-[(CH,),—
O]—, (N"Pr*Bu),—Zr—CsH;-1-Pr-3-[(CH,) ,—O]—,
(N"PrBu),—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr"Bu)
y—2r—CH,;-1-Pr-3-[(CH,),—O0]—, (NPrBu),—Zr—
CsH;-1-Pr-3-[(CH,),—O]—, (N'Pr'Bu),—Zr—CsH;-1-
Pr-3-[(CH,),—O]—, (N'P'Bu),—Zr—CsH;-1-"Pr-3-
[(CH,),—O]—, (N"Bul3u),—7r—CsH,-1-Pr-3-[(CH,)
»—0]—, (N"Bu'Bu),—Zr—C,H,-1-Pr-3- [(CHz)z—O]—
(N"Bu‘l3u),—Zr—CsH;-1-"Pr-3- [(CHz)z—O]— (N
Bu’Bu),—Zr—CsH;-1-Pr-3-[(CH,),— (N'Bu’Bu)
2—Zr—C5H3-1-iPr-3-[(CH2)24)]—, (NSBu’Bu)z—Zr—
C,H;-1-"Pr-3-[(CH,),—O]—, (NH,)(Cp)—Zr—CsH,-1-
Pr-3-[(CH,),—O]—, (NMe, )(Cp)—Zr—CsH;-1-Pr-3-
[(CH,),—O]—, (NBt,)(Cp)—Zr—C H,-1-Pr-3-[(CH,),—
O]—, (N"Pr,)(Cp)—Zr—CsH;-1-"Pr-3-[(CH,),—O]—,
(N'Pr,)(Cp)—Zr—CsH;-1-Pr-3-[(CH,),—O]—, (N"Bu,)
(Cp)—Zr—C;H;-1-Pr-3-[(CH,),—O]—,  (N'Bu,)(Cp)—
Zr—CsH;-1-Pr-3-[(CH,),—O]—, (N"Bu,)(Cp)—Zr—
C,H;-1-"Pr-3-[(CH,),—O]—, (N'Bu,)(Cp)—Zr—CsH,-1-
Pr-3-[(CH,),—O0]—, (NH Me)(Cp)—Zr—CsH;-1-"Pr-3-

[(CH,),—O]—, (NH Et)(Cp)—Zr—CsH,-1-Pr-3-[(CH,)
—O0]—, (NH"Pr)(Cp)—Zr—CsH;-1-Pr-3-[(CH,),—
O]—,  (NHPr)(Cp)—Zr—CsH;-1-"Pr-3-[(CH,),—O]—,

(NHI3u)(Cp)—Zr—CsH;-1-"Pr-3-[(CH,),—O]—, (NH'Bu)
(Cp)—Zr—C5H;-1-Pr-3-[(CH,),— O] —, (NH*13u)(Cp)—
Zr—CH;-1-Pr-3-[(CH,),—O]—, (NH Bu)(Cp)Zr—
CsH,-1-Pr-3-[(CH,),—Ol—, (NMeEt)(Cp)—Zr—C5Hj-1-
Pr-3-[(CH,),—O]—, (NMe"Pr)(Cp)—Zr—CsHy-1-Pr-3-
[(CH,),—O}—, (NMe'Pr)(Cp)—Zr—CsH,-1-Pr-3-[(CH,)
,—Ol—,  (NMe"Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,)y—
Ol—, (NMe'Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O],
(NMe*Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O] —,

(NMeBu)(Cp)—Zr—CH,-1-Pr-3-[(CH,),—O]—, (NEt-
"Pr)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),—O]—,  (NEtPr)
(Cp)—Zr—C5H;-1-Pr-3-[(CH,),—O]—, (NEt"Bu)(Cp)—
Zr—CH;-1-Pr-3-[(CH,),—O]—,  (NEfBu)(Cp)—Zr—
CsH;-1-Pr-3-[(CH,),—O]—, (NE£Bu)(Cp)—Zr—CsH,-
1-'Pr- 3-[(CH,),—O]—, (NE¢Bu)(Cp)—Zr—C<H,-1-Pr-3-
[(CH,),—Ol—, (N"Pr'Pr)(Cp)—Zr—CsH,-1-Pr3-[(CH,)
~—Ol—,  (N"Pr'Bu)(Cp)—Zr—CH,-1-Pr-3-[(CH,),
O], (N"PF13u)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O],
(N"Pri3u)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O] —,

(N"P¥Bu)(Cp)—Zr—C5H,-1-"Pr-3-[(CH,),— O] —,

(N"Pr"Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),— O] —,

(N"PF13u)(Cp)—Zt—CsH,-1-Pr-3-[(CH,), O] —, (N

Pr*Bu)(Cp)—Zr—CsH,-1-Pr-3-[(CH,),—O]—, (N'P¥Bu)
(Cp)—Zr—CH;-1-Pr-3-[(CH,),— O] —, (N"Bull3u)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),— O] —, (N"Bu’Bu)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),— O] —, (N"Bu’Bu)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),— O] —, (N'BuBu)
(Cp)—Zr—C3H;-1-Pr-3-[(CH,),— O] —, (N'Bu’Bu)
(Cp)—Zr—CH,-1-Pr-3-[(CH,),— O] —, (N*Bu'Bu)
(Cp)—Zr—CH;-1-Pr-3-[(CH,),— O] —,  (OH)—Zr—
CH,-1-'Pr-3-[(CH,),—O]—, (OMe)—Zr—CsH,-1-Pr-3-
[(O-1,),—O]—, (OEt)—Zr—CH,-1-Pr-3-[(CH,)y—
Ol (O"Pr)—Zt—CsH,-1-Pr-3-[(CH,),—O]—,

(O'Pr)—Zt—C5H,-1-Pr-3-[(CH,),—O]—, (O"Bu)—Zr—
CsHy-1  Pr3-[(epm)rop . (O'Bu)—Zr—CsHj-1-Pr-3-
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[(CH,),—O0]—, (O°Bu)—Zr—CsH;-1-Pr-3-[(CH,),—
O]—, and (OBu)—Zr—CsH;-1-'Pr-3-[(CH,),—O]—.

8. The Group 4 transition metal-containing film forming
composition of claim 3, wherein M is Hf.

9. The Group 4 transition metal-containing film forming
composition of claim 8, wherein the Group 4 transitional
metal precursor is selected from the group consisting of
(NH,),-HF—CsH,-[(CH,),—Ol—,  (NMe,),-HF—CsH, -

[(CH,),—O]—, (NEt,),-Hf—CsH,-[(CH,),—O]—,
(N"Pr,),-Hf—C;sH,-[(CH,),—O]—, (NiPr 2),-HE—CsH,-
[(CH,),—O]—, (N"Bu,),-Hf—CH,-[(CH,),—O]—,

(N'Bu,),-Hf —C5H,-[(CH,),—O]—, (N°Bu,),-Hf —CsH,-
[(CH,),—OJ—, (N'Bu,),-Hf ~CsH,-[(CH,),—O]—, (NH
Me),-Hf—C,H,-[(CH,),—O]—, (NHEY),-Hf—C.H,-
[(CH), O] —  (NH'Pr),-HE—C,H,[(CH,),—Ol-,
&' Pr),-Hf—CH,-[(CH,),—O]—, (NH"Bu),-Hf—CsH,-
[(CH,),—O]—, (NH'Bu),-Hf —C;H,-[(CH,),—O]—,
(NH’Bu),-Hf—C.H,-[(CH,),—O]—, (NHBu),-Hf —
CsHy-[(CHy),—Of—,  (NMeEt),-Hf —CsH,-[(CH,),—
O]—, (NMe"Pr),-Hf —CH,-[(CH,),—O]—, (NMe'Pr),-
Hf—C,H,-[(CH,),—0O]—, (NMe"Bu),-Hf—C.H,-[(CH,)
>—0]—, (NMe'Bu),-Hf —CsH,-[(CH,),—O]—,
(NMe’Bu),-Hf —CH,-[(CH,),—O0]—, (NMeBu),-Hf —
CsHy-[(CH,),—O—, (NEt"Pr),-Hf —CsH,-[(CH,),—
O]—, (NEtPr),-Hf—C,H,- [(CH,),—O]—, (NEt"Bu),-
Hf—C,H,-[(CH,),—O0]—, (NEBu),-Hf—CH,-[(CH,)
>—0]—, (NEt*Bu),-Hf —CH,-[(CH,),—O]—, (NEt'Bu),-
Hf—C,H,-[(CH,),—O0]—, (N"PrPr),-Hf—CH,-[(CH,)
>—0]—, (N"Pr"Bu),-Hf—C,H,-[(CH,),—O]—,
(N"PYBu),-Hf —C,H,-[(CH,),—O0]—, (N"Pr'Bu),-Hf—
CsHy-[(CH,),—0)— (N"Pr'Bu),-HF—CsH,-[(CH,),—
O]—, (N'Pr"Bu),-Hf —CH,-[(CH,),—O]—, (N'P’Bu),-
Hf—C,H,-[(CH,),—O0]—, (NPr’Bu),-Hf—CH,-[(CH,)
>—0]—, (N’Pr'Bu),-Hf —CsH,-[(CH,),—O]—,
(N"Bu’Bu),-Hf—CH,-[(CH,),—O]—, (N"Bu’Bu),-Hf—
CsH,-[(CH,),—O}—,  (N"BuBu),-Hf—C,H,-[(CH,),—
O]—, (N'Bu*Bu),-Hf—C,H,-[(CH,),—O0]—, (N'Bu'Bu),-
Hf —C H,-[(CH,),—O0]— (N°Bu‘Bu),-Hf —C,H,-[(CH,)
»—Ol—  (NH,)(Cp)-Hf—C;H,-[(CH,),—O]—, (NMe,)
(Cp)-Hf—CsH,-[(CH,),—O]—,  (NEt,)(Cp)-Hf—CsH,-
[(CH,),—O}—(N"Pr,)(Cp)-HI—CsH,-[(CH,),—O]—,

(NPr,)(Cp)-Hf—C5H,-[(CH,),—O]—, (N"Bu,)(Cp)-Hf—
CsHy-[(CH,),—O0)— (NiBuz)(CP)'Hf4CS1'14'[(CH2)2*
0]—, (N*Bu,)(Cp)-Hf —C;H,-[(CH,),—0]—, (N'Bu,)
(Cp)-Hf—C,H,-[(CH,),—O]—, (NHMe)(Cp)-Hf—C;sH,-
[(CH,),—O]—,  (NHEQ(Cp)-Hf—C,H,-[(CH,),—O]—,
(NH"Pr)(Cp)-HI—C,H,-[(CH,),—O]—, (NH'Pr)(Cp)-
Hf—C H,-[(CH,),—O]—, (NH”"Bu)(Cp)-Hf—CH,-
[(CH,),—O]—, (NH'Bu)(Cp)-Hf —CsH,-[(CH,),—O]—,
(NHBu)(Cp)-Hf —CsH,-[(CH,),—O]—,  (NHBu)(Cp)-
Hf—C.H,-[(CH,),—O]—, (NMeEt)(Cp)-Hf—C.H,-
[(CH,),—O]—, (NMe"Pr)(Cp)-Hf—C,H,-[(CH,),—O]—,
(NMe'Pr)(Cp)-Hf —CH ,-[(CH,),—O]—, (NMe"Bu)(Cp)-
Hf—C H,-[(CH,),—O]—, (NMe'Bu)(Cp)-Hf—CH,-
[(CH,),—O]—, (NMe’Bu)(Cp)-Hf—CsH,-[(CH,),—
O]—, (NMeBOCO-Hf—CH,-[(CH,),—O]—, (NEt"Pr)
(Cp)-Hf—CLH[(CH,),—O]—, (NE¢Pr)(Cp)-HE—C,H,-
[(CH,),—Ol—, (NEBu)(Cp)-Hf—C,H,{(CH,),—O]—,
(NE'Bu)(Cp)-HE—CyH,-[(CH,),—O] . (NEtBu)(Cp)-
Hf—C.H,-[(CH,),—O]—, (NEt'Bu)(Cp)-Hf—C;H,-
[(CH,),—O]—, (N"P¥Pr)(Cp)-Hf—C,H,[(CH,),—O]—,
(N"Pr"Bu)(Cp)-HE—C,H,-[(CH,),—O}—, (N"PrBu)(Cp)-
Hf—C H,-[(CH,),—O]—, (N"Pr’Bu)(Cp)-Hf—C,H,-
[(CH,),—O]—,  (N"Pra)(CO-Hf—C,H,[(CH,),—O]—,
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(N'Pr"Bu)(Cp)-Hf—CsH,-[(CH,),—O]—, (N'Pr'Bu)(Cp)-
Hf—C.H,-[(CH,),—O]—, (N'Pr’Bu)(Cp)-Hf—C,H,-
[(CH,),—O]—, (N'Pr'Bu)(Cp)-Hf—C;H,-[(CH,),—O}—,
(N"Bu’Bu)(Cp)-Hf—CH,-[(CH,),—O]—, (N"Bu’Bu)
(Cp)-HF—CH,-[(CH,),—O]—, (N"BuBu)(Cp)-Hf—
CsH,-[(CH,),—0]— (NiBuSBu)(Cp)-Hf—C5H4-[(CH2)
—0l—, (N'Bu'Bu)(Cp)-Hf —CsH,-[(CH,),—O]—,
(N°Bu’Bu)(Cp)-Hf —CH,-[(CH,),—O]—, (OH)-Ht{—
CsHy-[(CH,),—O0]—, (OMe)-Hf—C H,-[(CH,),—O]—,
(OEt)-Hf—C,H,-[(CH,),—O]—, (O"Pr)-Hf—C,H,-

[(CH,)>—O]—, (O'Pr)-Hf —CsH,-[(CH,),—O]—,
(0"Bu)-Hf —C,H,-[(CH,),—O]—,  (O'Bu)-Hf C,H,-
[(CH,),—O]—, (O°Bu)-HF—CH,-[(CH,),—O]—,

(O'Bu)-Hf—C H,-[(CH,),—O0]—  (NH,),-Hf —C;H;-1-
Me-3-[(CH,),—O]—, (NMe,),-Hf—C;H;-1-Me-3-[(CH,)
+Ol—  (NEt),-HEC,H,-1-Me3-[(CH,),-O
(N""Pr,),-Hf —C H;-1-Me-3-[(CH,),—O]—, (N'Pr,),-Hf —
C,H;-1-Me-3-[(CH,),—O]—, (N"Bu,),-Hf—C.H;-1-Me-
3-[(CH,)>:—0]—,  (N8u,),-Hf —CsH;-1-Me-3-[(CH,),—
O]—, (N°Bu,),-Hf—CH;-1-Me-3-[(CH,),—O]—,
(N"Bu,),-Hf—CH;-1-Me-3-[(CH,),—O]—, (NH Me),-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (NHEO,-Hf—CsH;-1-
Me-3-[(CH,),—O]—, (NH"Pr),-Hf—CsH;-1-Me-3-[(CH,)
—O]—, (NH’Pr),-Hf —CsH;-1-Me-3-[(CH,),—O]—,
(NH"Bu),-Hf —CH,-1-Me-3-[(CH,),—O0]—, (NHBu),-
Hf—C H;-1-Me-3-[(CH,),—O]—, (NH’Bu),-Hf—CsH,-
1-Me-3-[(CH,),—O]—, (NHBu),-Hf —CH,-1-Me-3-
[(CH,),—O]—, (NMeEt),-Hf —CsH;-1-Me-3-[(CH,),—
O]—, (NMe"Pr),-Hf—CsH;-1-Me-3-[(CH,),—O]—,
(NMe'Pr),-Hf—C H,-1-Me-3-[(CH,),—O]—, (NMe"Bu)
»,-Hf—CH;-1-Me-3-[(CH,),—O]—, (NMe'Bu),-Hf—
C,H;-1-Me-3-[(CH,),—O]—, (NMe‘Bu),-Hf—CH;-1-
Me-3-[(CH,),—O]—, (NMe'Bu),-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (NEt"Pr),-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (NEt'Pr),-Hf—CsH,-1-Me-3-[(CH,),—O]—,
(NEt"Bu),-Hf —CH;-1-Me-3-[(CH,),—O]—, (NEt'Bu),-
Hf—C.H;-1-Me-3-[(CH,),—O]—, (NEt'Bu),-Hf—C,H,-
1-Me-3-[(CH,),—O]—, (NEt'Bu),-Hf —CH;-1-Me-3-
[(CH,),—O]—, (N"PrPr),-Hf —C,H;-1-Me-3-[(CH,),—
O]—, (N"Pr"Bu),-Hf—C;H;-1-Me-3-[(CH,),—O]—,
(N"Pr'13u),-Hf —C,H;-1-Me-3-[(CH,),—O]—, (N"Pr'Bu)
»-HI—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr'Bu),-Hf —
CsH;-1-Me-3-[(CH,),—O]—,  (N'Pr"Bu),-Hf—CsH;-1-
Me-3-[(CH,),—O]—, (N'Pr'Bu),-Hf —CH,-1-Me-3-
[(CH,),—O]—, (N'Pr'Bu),-Hf —C H;-1-Me-3-[(CH,),—
O]—, (N'Pr'Bu),-Hf —CH,-1-Me-3-[(CH,),—O]—,
(N"Bu’Bu),-Hf—CsH,-1-Me-3-[(CH,),—O]—, (N
Bu’Bu),-Hf —CsH,-1-Me-3-[(CH,),—0]—, (N"Bu‘Bu),-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (N'Bu*Bu),-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (N'BuBu),-Hf—CsH,-1-
Me-3-[(CH,),—O]—, (N°Bu‘Bu),-Hf—C,H;-1-Me-3-
[(CH,),—O0]—, (NH,)(Cp)-HI—CsH;-1-Me-3-[(CH,),—
O (NMe,)(Cp)-HE—C,H,-1-Me-3-[(CH,), O] —,
(NEt,)(Cp)-HF—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr,)
(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N°Pr,)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (N"Bu,)(Cp)-Hf—CsH;-1-
Me-3-[(CH,),—O]—, (N'Bu,)(Cp)-Hf —C H;-1-Me-3-
[(CH),—OF —,  (NBu,)(Cp)-Hf —CH,-1-Me-3-[(CH,)
O, (N'Bu,)(Cp)-Hf—C5H,-1-Me-3-[(CH,), O,
(NHMe)(Cp)-Hf—CH;-1-Me-3-[(CH,),—O]—, (NHEY)
(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (NH"Pr)(Cp)-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (NH’Pr)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (NWBu)(Cp)-Hf—CsH;-1-
Me-3-[(CH,),—O]—  (NH'Bu)(Cp)-Hf—CsH;-1-Me-3-
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[(CH,),—O]—, (NH*Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,)
>—0]—, (NHBu)(Cp)-Hf —C,H;-1-Me-3-[(CH,),—O]—,
(NMeEt)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—,

(NMe"Pr)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—OJ]—, (N
Me'Pr)(Cp)-Hf —CH;-1-Me-3-[(CH,),—O]—, (NMe"Bu)
(CO-Hf—CsH;-1- Me-3-[(CH,),—O]—, (NMe'Bu)(Cp)-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (NMeBu)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (NMe'Bu)(Cp)-Hf —CH;-
1-Me-3-[(CH,),—O]—, (NEt"Pr)(Cp)-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (NEt'Pr)(Cp)-Hf—CH,-1-Me-3-[(CH,)
»—O0]—, (NEt"Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—
O]—, (NEt'Bu)(Cp)-Hf —CsH;-1-Me-3-[(CH,),—O]—,
(NEt°Bu)(Cp)-Hf—CH;-1-Me-3-[(CH,),—O]—,  (NEt-
Bu)(Cb)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr'Pr)
(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N"Pr"Bu)(Cp)-
Hf—CsH;-1-Me-3-[(CH,),—O]—, (N"PrBu)(Cp)-Hf—
CsH;-1-Me-3-[(CH,),—O]—, (N"Pr'Bu)(Cp)-Hf—CsH,-
1-Me-3-[(CH,),—0O]—, ON"Pr'Bu)(Cp)-Hf —C,H,-1-Me-
3-[(CH,),—O]—, (N’Pr"Bu)(Cp)-Hf—CsH,-1-Me-3-
[(CH,),—O]—, (N'PrBu)(Cp)-Hf—CH,-1-Me-3-[(CH,)
»—O0]—, (N’Pr*Bu)(Cp)-Hf —CH;-1-Me-3-[(CH,),—
O]—, (N’Pr'Bu)(Cp)-Hf —CsH;-1-Me-3-[(CH,),—O]—,
(N"Bu'Bu)(Cp)-Hf—C H,-1-Me-3-[(CH,),—O]—, (N
Bu’Bu)(Cp)-Hf—CsH;-1-Me-3-[(CH,),—O]—, (N™-
Bu'Bu)(Cp)-Hf —C;H;-1-Me-3-[(CH,),—O]—, (N'Bu*Bu)
(Cp)-Hf —CsH;-1-Me-3-[(CH,),—O]—, (N'BuBu)(CO-
Hf —C,H,-1-Me-3-[(CH,),—O]—, (N°Bu‘Bu)(Cp)-Hf —
CsH;-1-Me-3-[(CH,),—O]—, (OH)-Hf—CsH;-1-Me-3-
[(CH,),—O]—, (OMe)-Hf—CH;-1-Me-3-[(CH,),—
O]—, (OEO0-Hf—C,H;-1-Me-3-[(CH,),—O]—, (O"Pr)-
Hf—C,H;-1-Me-3-[(CH,),-O]—, (O'Pr)-Hf —C5H,-1-Me-
3-[(CH,),—O]—, (0"Bu)-Hf—C,H;-1-Me-3-[(CH,),—
O]—, (O'Bu)-Hf—C;H;-1-Me-3-[(CH,),—O]—, (O°Buw)-
BIf-CsH;-1-Me-3-[(CH,),—O]—,  (O'Bu)-Hf—CH;-1-
Me-3-[(CH,),—O]—,  (NH,),-Hf—CsH;-1-"Pr-3-[(CH,)
»—0]— (N Me,),-Hf —CsH;-1-"Pr-3-[(CH,),—O]—,
(NEt,),-Hf —C H,;-1-"Pr-3-[(CH,),—O]—, (N"Pr,),-Hf—
CsH;-1-Pr-3-[(CH,),—O]—, (N'Pr,),-Hf —CsH;-1-Pr-3-
[(CH,),—Ol— (N"Bu,),-Hf—C,H,-1-Pr-3-[(Cl-1,),—
O] —, (N'Bu,),-Hf —CsH;-1-"Pr-3-[(CH,),—O]—, (N"Bu,)
»-HI—CsH;-1-Pr-3-[(CH,),—O]—, (NtBuz)z'Hffc_sH3 -
1-'Pr-3-[(CH,),—O]—, (NHMe),-Hf—CsH,-1-"Pr-3-
[(CH,),—O]—, (NHEY),-Hf —CsH;-1-Pr-3-[(CH,),—
O]—, (NH"Pr),-Hf—CH,-1-"Pr-3-[(CH,),—O]—,
(NH'Pr),-Hf —CsH;-1-Pr-3-[(CH,),—O]—, (NH"Bu),-
Hf—C,H;-1-"Pr-3-[(CH,),—O]—, NH'Bu),-Hf—CH,-1-
Pr-3-[(CH,),—O]—, (NH*Bu),-Hf—CsH;-1-"Pr-3-[(CH,)
»—O0]—, (NH'Bu),-Hf—CsH,-1-"Pr-3-[(CH,),—O]—,
(NMeEt),-Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe"Pr),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (NMe'Pr),-Hf —C H,-
1-Pr-3-[(CH,),—O]—, (NMe"Bu),-Hf—CH,-1-Pr-3-
[(CH,),—O}—, (NMe'Bu),-Hf —CsH,-1-"Pr-3-[(CH,),—
O]—, (NMe*Bu),-Hf —CH,-1-"Pr-3-[(CH,),—O]—,
(NMe'Bu),-Hf—CsH,-1-Pr-3-[(CH,),—O]—, (NEt"Pr),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (NEtPr),-Hf —CH,-1-
Pr-3-[(CH,),—0]—, (NEt"Bu),-Hf—C5H;-1-"Pr-3-[(CH.)
»—O0]—, (NaBu),-Hf —CH;-1-"Pr-3-[(CH,),—O]—,
(NEt°Bu),-Hf —CH,-1-Pr-3-[(CH,),—O]—, (NEt'Bu),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N"PrPr),-Hf —C H,-
1-Pr-3-[(CH,),—O]—, (N"Pr"Bu),-Hf—C,H,-1-"Pr-3-
[(CH,),—O}—, (N"Pr¥Bu),-Hf —CH,-1-"Pr-3-[(CH,),—
O]—, (N"Pr*Bu),-Hf —CsH;-1-'Pr-3-[(CH,),—O]—,
(N"PrBu),-Hf —CH;-1-Pr-3-[(CH,),—O]—, (N'Pr"Bu),-
Hf—CsH;-1-"Pr-3-[(CH,),—O]—, (N'Pr'Bu),-Hf —C H,-
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1-°Pr-3-[(CH,),—O]—,  (N'Pr'Bu),-Hf C,H;-1-Pr-3-
[(CH,),—Ol—, (N'PrBu),-Hf CH,-1-"Pr-3-[(CH,),—
Ol (N"BuBu),-Hf —CH,-1-"Pr-3-[(CH,),— O] —,
(N"BuBu),-Hf—C.H,-1-Pr-3-[(CH,),—O]—, (N"BAU)
»~HE—C.H,-1-'Pr3-[(CH,),—O]—,  (N'Bu’Bu),-Hf —
CH,-1-'Pr-3-[(CH,),—O]—, (NBuBu),-Hf —CH,-1-Pr-
30(CH,),—O]—  (N*Bu'Bu),-Hf —C.H;-1-Pr-3-[(CH,)
»—O]—,  (NH,)(CO-Hf—C,H,-1-'Pr-3-[(CH,),—O]—,
(NMe,)(Cp)-Hf — C,H,-1-Pr3-[(CH,),~ O] —,  (NEt,)
(CO-Hf—C4H,-1-Pr-3-[(CH,),—O]—, (N"Pr,)(Cp)-Hf —
CH,-1-'Pr-3-[(CH,),—O]—, (N'Pr,)(Cp)-Hf CH,-1-
Pr3-[(CH,),—Ol—,  (N"Bu,)(Cp)-Hf—CsH,-1-Pr-3-
[(CH,),—O]—, (N'Bu,)(CO-Hf —C H,-1-"Pr-3-[(CH,),—
Ol—  (N*Bu,)(Cp)-Hf—C,H,-1-"Pr-3-[(CH,),—O]—,
(N'Bu,)(Cp)-Hf —CH,-1-Pr-3-[(CH,),— O] —, (NH Me)
(Cp)-Hf—CH,-1-"Pr-3-[(CH,),—O]—, (NHEt)(Cp)-Hf —
CgH,-1-Pr-3-[(CH,),—Ol—, (NH"Pr)(Cp)-Hf —C;H;-1-
"Pr-3-[(CH,),—O]—,  (NHPr)(Cp)-HfC.H,-1-Pr-3-
[(CH,),—O}—, (NH"Bu)(Cp)-Hf —CsH,-1-Pr3-[(CH,)
»—O]—, (NH'Bu)(Cp)-Hf—C,H,-1-Pr-3-[(CH,),—O]—,
(NIF*Bu)(Cp)-Hf—C,H,-1-"Pr-3-[(CH,),—O]—, (NH ‘Bu)
(Cp)-Hf —CH,-1-Pr-3-[(CH,),—O]—,  (NMeEt)(Cp)-
Hf —CH,-1-"Pr-3-[(CH,),— O] —, (N Me”Pr)(Cp)-Hf —
CsH,-1-Pr-3-[(CH,),—O]—, (NMe’Pr)(Cp)-Hf—CsH;-1-
"Pr-3-[(CH,),—O]—, (NMe”Bu)(Cp)-Hf —CH,-1-Pr-3-
[(CH,),—O}—, (NMeBu)(Cp)-Hf —C4H,-1-Pr-3-[(CH,)
,—Ol—,  (NMe*Bu)(Cp)-Hf —CH,-1-Pr-3-[(CH,),
O, (NMeBu)(Cp)-Hf—C.H,-1-"Pr-3-[(CH,),—O] —,
(NEt"Pr)(Cp)-Hf —C4H,-1-Pr-3-[(CH,),—O]—, (NaPr)
(Cp)-Hf —C.H,-1-"Pr-3-[(CH,),—O]—  (NEt"Bu)(Cp)-
Hf —CH,-1-"Pr-3-[(CH,),— O] —, (NaBu)(Cp)-Hf —
CH,-1-'Pr-3-[(CH,),—O]—, (NEtBu)(Cp)-Hf CH,-1-
Pr-3-[(CH,),—O]—,  (NEtBu)(Cp)-Hf—CH,-1-Pr-3-

[(CH,),—Ol—, (N"PrPr)(Cp)-Hf —CsH,-1-Pr-3-[(CH,)
,—Ol—,  (N"Pr"Bu)(Cp)-Hf —C5H,-1-Pr-3-[(CH,),
Ol—, (N"P¥Bu)(Cp)-Hf —C.H,-1-Pr-3-[(CH,),— O],

(N"Pr*Bu)(Cp)-Hf —CH;-1-Pr-3-[(CH,),—O]—,
(N"Pr'Bu)(Cp)-Hf—C5H;-1-"Pr-3-[(CH,),—O]—, (N”
Pr'Bu)(Cp)-Hf —CH;-1-Pr-3-[(CH,),—O]—, (N'PriBu)
(Cp)-Hf—CsH;-1-Pr-3-[(CH,),—O]—,  (N’PrBu)(Cp)-
Hf—CsH,-1-"Pr-3-[(CH,),—O]—, (N'Pr"Bu)(Cp)-Hf—
CsH;-1-"Pr-3-[(CH,),—O]—, N"Bu'Bu)(Cp)-Hf—C,H;-
1-'Pr-3-[(CH,),—O]—, (N"Bu*Bu)(Cp)-Hf —C,H,-1-Pr-3-
[(CH,),—O]—, (N"BuBu)(Cp)-Hf—C,H,-1-Pr-3-[(CH,)
—O]—, (N'Bu’Bu)(Cp)-Hf —CsH,-1-Pr-3-[(CH,),—
O]—, (N'BuBu)(Cp)-Hf—C,H,-1-"Pr-3-[(CH,),—O]—,
(N*Bu'Bu)(Cp)-Hf—CsH,-1-"Pr-3-[(CH,),—O]—, (OH)-
Hf—CsH,-1-"Pr-3-[(CH,),—O]—, (OMe)-Hf—CsH,-1-
Pr-3-[(CH,),—O]—, (OEt)-Hf —CsH;-1-Pr-3-[(CH,),—
Ol—, (O"Pr)-Hf—C;H;-1-"Pr-3-[(CH,),—O]—, (O'Pr)-
Hf—C,H,-1-"Pr-3-[(CH,),—O]—, (O"Bu)-Hf—C H,-1-
Pr-3-[(CH,),—O]—, (O'Bu)-Hf —CsH;-1-Pr-3-[(CH,),—
O]—, (O°Bu)-Hf—C,H,-1- 'Pr-3-[(CH,),-O]—, and
(O'Bu)-Hf—CH;-1-"Pr-3-[(CH,),—O]—.

10. A method of depositing of a Group 4 transition
metal-containing film on a substrate, comprising the steps
of:

introducing a vapor of the Group 4 transition metal-

containing film forming composition of claim 1 into a
reactor having a substrate disposed therein and depos-
iting at least part of the Group 4 transition metal-
containing precursor onto the substrate.

11. The method of claim 10, further comprising introduc-
ing at least one reactant into the reactor.
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12. The method of claim 11, wherein the reactant is
selected from the group consisting of: O,, O;, H,O, H,0,,
NO, N,O, NO,, oxygen radicals thereof, and mixtures
thereof.

13. The method of claim 11, wherein the reactant is a
M'-containing precursor and the Group 4 transition metal-
containing film is MM",0,, wherein i ranges from O to 1; x
ranges from 1 to 6; and M' is selected from a Group 3
element, a different Group 4 element, a Group 5 element, a
lanthanide, Si, Al, B, P or Ge.

14. The method of claim 11, wherein the Group 4 tran-
sition metal-containing film forming composition and the
reactant are introduced into the reactor simultaneously and
the reactor is configured for chemical vapor deposition.

15. The method of claim 11, wherein the Group 4 tran-
sition metal-containing film forming composition and the
reactant are introduced into the chamber sequentially and the
reactor is configured for atomic layer deposition.

16. The method of claim 11, wherein the Group 4 tran-
sition metal-containing film forming composition is used to
form a DRAM capacitor.

17. The method of claim 14, wherein the chemical vapor
deposition is plasma enhanced.

18. The method of claim 15, wherein the atomic layer
deposition is plasma enhanced.
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